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ACIDOSIS  AND  ASSOCIATED  CONDITIONS.* 
JAMES  EWING. 

NEW   YORK. 

GENERAL  STATEMENT, 

The  idea  that  the  body  may  become  poisoned  by  acid  humors  dates 
from  the  legendary  days  of  medicine,  but  the  conception  of  an  intoxi- 
cation referable  to  acid  products  of  metabolism  is  a  result  of  the  rigid 
application  of  chemical  laws  to  physiologic  processes. 

The  theory  of  acid  intoxication  in  its  current  form  attributes  to  the 
acid  action  of  principles  arising  from  processes  of  metabolism  a  definite 
symptom-complex,  occurring  chiefly  in  diabetes,  but  seen  in  less  striking 
form  in  many  other  diseases.  For  carnivorous  animals  it  is  easy  to  name 
the  sources  of  such  acid  products  of  metabolism.  They  are  found  in  the 
high  phosphorus  and  sulphur  content  of  the  protein  molecule,  which,  on 
oxidation,  jdelds  phosphoric  and  sulphuric  acids.  They  appear  in  the 
long  series  of  fatty  acids  which  form  the  combustion-products  of  the 
fats.  They  arise  also  in  the  series  of  changes  in  carbohydrates  from 
glycogen  through  glucose  to  lactic  acid.  From  all  these  foodstuffs, 
especially  the  proteins  and  fats,  the  main  tendency  in  metabolism  is  to- 
ward the  production  of  acids.  The  exclusive  flesh  diet  of  camivora 
increases  this  tendency;  but  the  mixed  diet  adopted  by  man  includes  one 
prominent  contrary  factor  in  the  rich  alkalies  of  vegetable  cells;  while 
in  herbivora  the  conditions  are  least  favorable  for  the  accumulation  of 
acids  in  food  metabolism. 

The  theory  of  acid  intoxication  regards  only  the  chemical  properties 
of  these  acids,  and  this  property  is  to  unite  with  alkalies.  The  sources 
of  the  alkalies  which  are  available  for  the  neutralization  of  acids  are, 
first,  those  of  the  cells,  and  second,  those  of  the  blood  and  lymph;  and 
it  is  the  abstraction  of  the  fixed  alkalies  of  the  organs  and  those  of  the 
blood  which  is  believed  to  be  responsible  for  the  disorders  of  function 
and  the  symptoms  of  intoxication.  Hence,  it  is  the  functions  of  the 
alkalies  of  the  body  which  determine  the  symptoms  of  acid  poisoning. 
Here  it  is  obvious  that  vital  processes  are  involved,  for  the  function  of 
respiration  is  dependent  on  the  alkalescence  of  the  blood;  the  solution 

♦The  Cartwright  Lectures  for  1908  of  the  Alumni  Association  of  the  College 
of  Physicians  and  Surgeons,  delivered  at  the  New  York  Academy  of  Medicine, 
March  26,  27  and  30,  1908. 
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of  globulins  in  protoplasm  is  maintained  by  association  with  chemical 
bases;  and  the  actions  of  ferments,  digestive,  circulating  and  intra- 
cellular, are  determined  by  the  reactions  of  their  media.  So  that  the 
theory  of  acid  poisoning  begins  with  the  principles  of  normal  food  and 
tissue  metabolism,  recognizes  in  many  conditions  a  mild  grade  of  acid 
excess,  which  Naunyn  called  "acidosis,'*  and  finds  its  clearest  expression 
in  the  acid  intoxication  of  diabetic  coma. 

General  chemistry,  physiologic  chemistry  and,  more  recently,  physical 
chemistry  have  all  contributed  essentially  to  our  knowledge  of  acid  in- 
toxication, while  the  interpretation  of  the  phenomena  observed  forms  an 
important  chapter  in  physiology.  The  clinical  aspects  of  the  subject, 
also,  are  among  the  most  complex  in  general  medicine,  so  that  the  de- 
velopment of  the  doctrine  has  been  slow  and  difficult. 

In  a  review  of  our  knowledge  of  this  topic,  which  is  the  object  of 
these  lectures,  all  the  above  departments  require  special  consideration. 
It  is  proposed,  therefore,  reversing  to  some  extent  the  order  in  which  the 
knowledge  was  acquired,  to  present,  first,  the  experimental  basis  of  the 
doctrine  of  acid  intoxication,  and  to  consider  the  general  problems  as 
presented  in  the  most  pronounced  form  of  acidosis,  that  of  diabetes; 
second,  to  discuss  the  physiology  and  physiologic  chemistry  of  the  sub- 
stances concerned;  and  third,  to  deal  with  the  various  diseases  in  which 
acidosis  occurs,  and  determine,  as  far  as  may  be;  the  significance  of 
acidosis  in  such  conditions  as  starvation,  acute  yellow  atrophy,  eclampsia, 
delayed  chloroform  poisoning,  cyclic  vomiting  of  children,  gastroin- 
testinal diseases  and  phosphorus  poisoning. 


/.   EXPERIMENTAL  BASIS  OF  ACID  INTOXICATION- 
DIABETIC  ACIDOSIS, 

1.  Poisoning  by  Mineral  Acids. 

The  first  clue  pointing  to  the  occurrence  of  acid  intoxication  ap- 
peared in  the  work  of  Boussingault,  who,  in  1850,  found  that  diabetic 
urines  usually  contain  very  large  amounts  of  ammonia.  To-day  these 
results  must  stand  as  indications  of  excessive  excretion  of  acids,  but 
Boussingault's  methods  were  attacked,  and  prevailing  opinion,  as  stated 
by  Nasse,  and  experimental  results  of  Eylandt,  Wilde,  Gaethgens  and 
others,  indicated  that  administration  of  acids  entailed  no  great  loss  of 
alkali  in  the  urine  and  no  serious  disturbance  of  the  alkalinity  of  the 
blood. 

On  the  other  hand,  Miquel,  by  administering  sulphuric  acid  by  mouth 
in  dogs,  and  Salkowski,  by  poisoning  rabbits  with  taurin,  which  yields 
sulphuric  acid  in  the  body,  demonstrated  extensive  loss  of  alkali  in  the 
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urine,  while  Lassar,  by  direct  titration  with  acetic  acid,  found  marked 
loss  of  alkalescence  in  the  iced  blood  of  various  animals  poisoned  by  acid. 

The  pathologic  significance  of  the  withdrawal  of  alkalies  by  admin- 
istration of  mineral  acids  seemed  to  be  placed  beyond  doubt  by  the  work 
of  Walter,  who  showed  that  0.9  gm.  of  hydrochloric  acid  by  mouth  per 
diem  was  constantly  fatal  for  rabbits,  and  that  the  carbon  dioxid  content 
of  the  still  faintly  alkaline  blood  of  such  animals  was  greatly  reduced. 
Organic  acids,  m  his  hands,  were  without  comparable  effect.  Dogs  failed 
to  react  to  hydrochloric  acid  with  toxic  symptoms,  and  Walter^s  experi- 
ments show  that  this  animal  possesses  an  immunity  against  acid  intoxica- 
tion, protecting  its  blood  alkalies  by  neutralizing  75  per  cent,  of  the 
acids  with  ammonia.  Since  the  symptoms  in  rabbits  at  the  last  stages 
of  poisoning  from  2  gm.  of  acid  could  be  promptly  relieved  by  intra- 
venous injection  of  0.5  gm.  sodium  carbonate,  Walter  concluded  that  the 
symptoms  were  referable  solely  to  the  withdrawal  of  alkali. 

The  symptoms  of  the  acid  poisoning  appeared  to  be  characteristic. 
The  respiration  was  accelerated  and  the  inspiratory  movements  were 
deeper  and  labored,  while  the  blood  pressure  rose  with  timiultuous  heart 
action.  Later  the  dyspnea  ceased,  respiration  failed,  the  heart  became 
feeble  arid  blood  pressure  fell.  Walter  was  not  impressed  by  the 
autopsy  findings,  except  for  gastric  lesions  produced  by  the  acid,  which 
he  found  difficult  to  avoid. 

The  study  of  the  effects  of  administration  of  acids  in  animals  hab 
been  pursued  by  many  observers  during  the  past  thirty  years,  with  the 
result  of  greatly  extending  and,  in  the  main,  confirming  the  conclusions 
of  Walter,  and  these  results  have  furnished  the  main  experimental  basis 
of  the  doctrine  of  acid  intoxication.  It  has  further  been  shown  that 
rabbits  may  protect  themselves  to  a  certain  extent  by  the  formation  of 
ammonia  (Winterberg)  and  are  less  susceptible  when  on  a  protein  diet. 
Eppinger  was  able  to  delay  or  prevent  the  symptoms  in  rabbits  by  feeding 
them  on  beef  blood  or  egg  albumin  and  by  subcutaneous  injections  of 
amino-acids;  while,  after  rectal  injections  of  glycocol,  he  found  that 
rabbits  neutralized  75  per  cent,  of  ingested  acids  by  means  of  ammonia. 
(The  contrary  results  obtained  in  this  field  by  Pohl  and  Miinzer  have 
been  set  aside  by  Loewy.)  On  the  other  hand,  starving  dogs  are  just 
as  susceptible  to  acids  as  are  normal  rabbits  (Eppinger),  and  dogs  readily 
succumb  to  the  intravenous  infusion  of  acids  (Eppinger,  Szili). 

Typical  acid  intoxication  in  rabbits  has  been  produced  by  phosphoric 
acid  (Kobert)  and  by  acid  sodium  phosphate  (Spiro),  but  in  dogs  the 
acid  effect  was  obscured  by  the  action  of  the  salt.  Eppinger  produced 
the  usual  symptoms  of  acid  intoxication  in  rabbits  by  lactic  acid. 
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All  these  results  go  to  show  that  in  dogs  and  rabbits  there  is  a  direct 
relation  between  the  poisonous  effects  of  acids  and  the  acid-neutralizing 
resources  of  these  animals,  and  that  these  resources  may  be  altered  almost 
at  will  by  regulating  the  supply  of  alkali.  The  dog  protects  itself  against 
acids  readily  because  of  its  protein  food,  which  furnishes  an  abundant 
supply  of  ammonia  that  may  with  safety  be  diverted  from  urea  forma- 
tion to  neutralize  the  acids,  while  the  rabbit,  ordinarily  without  such 
source  of  ammonia,  and  compelled  to  call  on  the  fixed  alkalies  for  the 
neutralization  of  acids,  may  yet  be  supplied  with  ammonia  by  protein 
food.  There  appears  to  be  no  essential  difference  in  metabolism  between 
the  two  animals.  Yet  there  is  an  important  difference  in  the  readiness 
with  which  these  animals  utilize  proteins  in  the  formation  of  ammonia, 
and  this  difference,  Eppinger  finds,  depends  on  the  size  of  the  pancreas 
in  the  two  animals.  In  the  rabbit  the  pancreas  is  small,  and  whole 
proteins  or  their  complex  cleavage  products,  as  polypeptids,  are  slowly 
broken  up  in  the  intestine,  whereas  glycocoU  does  not  require  further 
digestion,  but  may  be  readily  absorbed  and  serve  as  a  source  of  ammonia. 
A  depancreatized  dog  Eppinger  found  to  be  more  susceptible  to  acid 
poisoning  than  the  rabbit  (Szili).  These  facts  may  be  of  significance 
in  connection  with  the  pancreatic  lesion  of  diabetes.  According  to  this 
view,  a  simple  quantitative  deficiency  in  the  digestive  function  of  the 
pancreas  may  reduce  the  supply  of  absorbed  amino-acids  and  the  ammonia 
available  for  the  neutralization  of  fatty  acids  and  thus  favor  the  develop- 
ment of  acid  coma. 

ALKALESCENCE  OF  THE  BLOOD  IN  ACID  POISONING. 

The  explanation  of  the  toxic  effects  of  the  withdrawal  of  alkalies 
from  the  blood  and  tissues  is  suggested  by  the  diminished  alkalescence 
of  the  blood  and  its  lowered  content  in  carbon  dioxid.  In  fatal  acid  in- 
toxication the  blood  may  contain  only  2  or  3  volumes  per  cent,  of  carbon 
dioxid  as  compared  with  the  normal  28  to  40  per  cent.  (Walter),  and 
Spiro  found  only  1.6  volumes  per  cent,  in  the  blood  of  a  dog  receiving 
acid  sodium  phosphate.  By  direct  titration  Spiro  observed  in  dogs  a  fall 
in  blood  alkalinity  from  169  to  73  mg.  sodium  hydrate  per  10  c.c.  of 
blood.  Szili  infused  1/8N  hydrochloric  acid  into  the  jugular  veins  of 
rabbits  and  dogs,  2  c.c.  per  minute.  The  rabbits  survived  about  one 
hour  and  their  blood  alkali  fell  78  per  cent.,  while  dogs  succumbed  in 
about  thirty-five  minutes  and  their  blood  alkali  fell  75  per  cent.  In 
both  animals  the  hydroxyl  ion  concentration  fell  95  to  96  per  cent.  It  is 
to  be  noted  that  in  none  of  these  experiments  was  the  oxygen  of  the  blood 
reduced. 
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These  observations  form  the  chief  basis  of  the  belief  that  acid  intoxi- 
cation kills  by  asphyxia  of  the  tissue  cells  from  accumulation  in  them  of 
carbon  dioxid.  A  partial  dissent  from  this  view  is  expressed  by  Loewy 
and  Miinzer,  who  believe  that  the  production  of  carbon  dioxid  is  dimin- 
ished in  acid  intoxication;  and  this  belief  may  be  supported  by  the  re- 
duced consumption  of  many  acid  products  of  metabolism,  resulting  in 
lessened  carbon  dioxid  formation,  in  diabetes.  Beddard,  Pembry  and 
Spriggs  found  that  the  blood  in  diabetes  is  able  to  absorb  a  normal 
amount  of  carbon  dioxid,  even  when  its  alkalinity  and  actual  carbon 
dioxid  content  are  greatly  reduced.  As  a  rule,  the  carbon  dioxid  tension 
of  saliva  and  urine  equals  that  of  the  secreting  cells,  but  the  above  ob- 
servers found  that  in  diabetes  the  carbon  dioxid  tension  of  the  urine  is 
not  increased.  While  the  conception  of  cellular  asphyxia  is  probably 
valid  as  far  as  it  goes,  further  knowledge  of  the  conditions  determining 
the  vitality  of  cells  seems  necessary  before  this  theory  can  be  regarded 
as  proved. 

Some  other  obscurities  still  surround  the  toxic  action  of  acids.  It 
has  been  surmised,  but  not  satisfactorily  proved,  that  vital  organs  are 
rendered  seriously  deficient  in  alkalies  by  administration  of  acids.  An 
increased  loss  of  alkali  in  the  urine  was  demonstrated  by  Salkowski  in 
taurin-poisoned  rabbits,  but  he  was  unable  to  conclude  that  the  loss  was 
large  enough  to  be  serious.  Schetelig  found  that  the  calcium  oxid  in 
the  urine  of  acid-poisoned  rabbits  rose  from  400  to  500  mg.  per  diem. 
From  these  and  many  other  observations  it  is  clear  that  acidosis  is 
marked  by  considerable  loss  of  alkali  by  the  urine.  But  some  of  this 
urinary  alkali  is  certainly  diverted  from  the  feces,  which  is  the  normal 
channel  of  90  per  cent,  of  the  alkali  excretion  (von  Noorden  and 
Belgart). 

Moreover,  the  body  possesses  practically  inexhaustible  supplies  of 
alkaline  earth  in  the  bones,  as  well  as  very  considerable  resources  in  the 
food,  and  it  still  appears  doubtful  if  these  depots  are  not  sufficiently 
available  in  acid  intoxication  to  maintain  the  necessary  alkali  of  vital 
tissues,  while  giving  up  those  of  the  blood.  The  alkali  content  of  such 
organs  as  the  liver,  kidneys  and  brain,  in  experimental  acidosis,  has 
apparently  not  been  determined.  It  may  be  that  the  bone  alkalies  are  not 
available  in  acute  poisoning,  in  which  alterations  in  these  structures  have 
not  been  found.  In  rabbits  succumbing  to  large  amounts  of  hydrochloric 
acid  over  a  period  of  twelve  days  I  could  find  no  gross  or  microscopic 
changes  in  the  bones.  Yet  in  diabetes  Frerichs  states  that  the  bones  are 
abnormally  light,  and  von  Noorden  concludes  that  the  bone  alkalies  are 
extensively  drawn  on  in  diabetic  acidosis.     Gerhardt  and  Schlesinger 
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came  to  the  same  conclusion  for  severe  diabetes,  finding  no  other  source 
for  continuous  loss  of  calcium  in  the  urine.  It  is  therefore  probable  that 
the  bone  salts  are  available  in  chronic  acidosis,  but  not  in  the  acute  forms. 
On  the  other  hand,  the  diseases  associated  with  progressive  loss  of  bone 
salts,  rachitis  and  osteomalacia,  have  not  declared  themselves  as  forms 
of  acid  dyscrasia.  There  is  a  mass  of  clinical  and  experimental  data 
indicating  that  the  organs  are  rather  susceptible  to  slight  changes  in  their 
alkalies,  but  the  pathologic  significance  of  such  changes  in  acid  intoxica- 
tion, especially  in  the  acute  and  experimental  forms,  would  be  made 
clearer  by  accurate  determination  of  the  alkalies  of  the  organs.  Accord- 
ing to  Moore,  the  alkalinity  of  the  tissues  depends  on  interchanges  of 
mono-sodium  and  disodimn  phosphates  and  by  virtue  of  alterations  in 
the  relative  amounts  of  these  salts  the  cells  may  take  up  considerable 
quantities  of  acids  without  change  in  their  reactions.  Hence,  Bainbridge 
supposes  that  by  some  interference  with  this  protective  mechanism  of  the 
phosphates  and  carbonates  the  tissues  can  no  longer  get  rid  of  the  adds 
produced  and  that  their  accumulation  in  the  cells  brings  metabolism  to 
an  abrupt  close.  He  regards  it  as  extremely  probable  that  the  lack  of 
some  of  these  bases  may  disturb  metabolism  quite  independently  of  the 
alkalescence  of  the  tissues. 

The  method  of  estimating  the  alkalinity  by  the  hydroxyl  ion  con- 
centration has  been  applied  to  the  blood  by  Szili  and  Benedict  in  TangPs 
laboratory.  They  show  that  normal  blood  contains  the  same  concentra- 
tion of  hydroxyl  ions,  that  is,  the  same  dynamic  alkalinity,  as  distilled 
water.  In  animals  poisoned  by  acid  this  concentration  is  reduced  95 
per  cent.,  so  that  this  phase  of  alkalinity  is  practically  obliterated. 
Physical  and  physiologic  chemists  will  doubtless  fail  to  agree  on  the 
significance  of  these  observations,  but  they  at  least  point  to  a  new  and 
interesting  character  of  genuine  acid  intoxication,  which  may  serve  to 
separate  true  from  spurious  forms  and  thus  prove  a  healthy  control  on 
the  hasty  application  of  the  doctrine  of  acid  intoxication.  Landau  holds 
that  hydroxyl  ions  have  little  to  do  with  blood  alkalinity  because  they  are 
derived  from  Na^^COa  and  NaHjjPO^,  salts  which  ionize  very  slightly. 

An  important  phase  of  the  question  of  blood  alkalescence  has  been 
revealed  by  the  work  of  Rzentkowski.  It  has  long  been  realized  that  the 
acid-neutralizing  power  of  the  blood,  its  basicity,  depends  not  merely  on 
alkalies,  but  is  a  function  of  alkalies,  proteins,  urea  and  other  nitrog- 
enous substances.  By  alkalescence  may  be  understood  that  part  of  the 
basicity  due  to  alkalies.  Rzentkowski  titrated  separately  with  N/20 
sulphuric  acid  and  litmus,  the  whole  blood,  the  plasma,  and  the  cells,  with 
the  following  results : 
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Acid-neutralizing  power  of  the  blood  in  mg.  NaOH  per  100. 

Whole  Blood.  Plasma.  Cells. 

Total   basicity    387  165  660 

Basicity  due  to  alkali   160.8  137.6  172 

Basicity  due  to  proteids 226  27.4  388 

These  results  indicate  a  remarkable  preponderance  of  acid-neutraliz- 
ing power  in  the  red  cells.  This  conclusion  is  by  no  means  new,  but 
Rzentkowski  found  that  1  gm.  of  red  cell  protein  is  equal  to  12  mg.  of 
sodium  hydrate  in  neutralizing  acids,  while  1  gm.  of  plasma  protein 
equals  only  3  mg.  sodium  hydrate,  and,  regarding  the  unit  of  blood,  he 
shows  that  red  cells  may  neutralize  four  and  one-half  times  as  much 
acid  as  the  plasma.  The  red  cells  owe  their  basicity  to  proteins,  the 
plasma  chiefly  to  minerals,  and  loss  of  basicity  in  red  cells  may  be  due 
not  to  loss  of  protein,  but  to  qualitative  changes  in  the  protein,  such  as 
the  capacity  to  split  off  ammonia.  Hence,  the  effects  of  acids  in  the 
blood  are  very  imperfectly  measured  by  the  loss  of  alkali  and  probably 
also  by  the  loss  of  carbon  dioxid.  It  is  to  be  considered,  also,  if  these 
results  do  not  lessen  the  significance  of  the  data  obtained  by  estimations 
of  the  hydroxyl  ion  concentration,  for  here  is  a  type  of  basicity  which  is 
only  distantly  connected,  if  at  all,  vrith  hydroxyl  ions. 

In  any  case,  it  appears  that  the  adherents  of  the  acid-intoxication 
theory  have  been  relying  on  very  inadequate  methods  of  determining 
the  acid-neutralizing  power  of  the  blood.  Since  this  tissue  must  probably 
first  feel  the  effects  of  any  excess  of  acids  produced  in  metabolism,  it  is 
quite  unwarranted  to  assume  diminished  alkalescence  of  other  organ 
cells  until  that  of  the  blood  has  been  definitely  proved. 

VISCERAL  LESIONS  IN  EXPERIMENTAL  ACIDOSIS. 

The  pathologic  anatomy  of  experimental  acid  intoxication  occupies 
a  subordinate  position  among  the  data  relating  to  this  condition. 
Salkowski  took  occasion  to  note  that  the  liver  in  his  cases  of  taurin- 
poisoning  was  not  fatty.  Some  gastrointestinal  lesions  have  been  re- 
ferred to  the  direct  effects  of  the  ingested  acid.  Usually  the  visceral 
changes  have  been  dismissed  with  the  statement  of  the  accepted  fact 
that  no  alterations  capable  of  explaining  death  were  observable. 

With  the  object  of  ascertaining  if  any  of  the  gross  or  minute  visceral 
lesions  were  comparable  to  those  observed  in  forms  of  supposed  acid  in- 
toxications occurring  in  man,  I  have  studied  the  anatomic  condition  in 
rabbits  after  rapid  and  prolonged  poisoning  by  hydrochloric  acid.  Sub- 
cutaneous injection  of  !N"/8  to  N/4  hydrochloric  acid  were  employed 
throughout.  This  method  was  chosen  on  account  of  the  gastric  lesions 
produced  by  administration  by  mouth  and  the  uncertainty  of  absorption 
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of  the  acid.  The  intravenous  route,  while  suitable  for  very  rapid  effects, 
is  not  adapted  to  more  prolonged  experiments.  Weak  acids  are 
very  irritating  to  the  peritoneum.  I  was  imable  to  inject  fatal  doses 
of  acid  beneath  the  skin  without  producing  considerable  damage  to  this 
tissue  and  eventually  exciting  an  inflammatory  process  which  retards 
absorption.  Stronger  solutions  than  N/8  usually  cause  necrosis  and  sup- 
puration. 

A  brief  detail  of  some  of  these  experiments  follows : 

Rabbit  1. — Blade,  male,  weight  1,935  gm.  Rapid  subcutaneous  administration 
of  N/8  hydrochloric  acid. 

December  16:  12  m.,  12  c.c.  N/8  hydrochloric  acid;  2:30  p.  m.,  12  c.c;  .5 
p.  m.,  12  c.c.    No  symptoms. 

December  17:  10  a.  m.,  12  c.c.  N/8  hydrochloric  acid;  12  m.,  12  c.c;  2 
p.  m.,  12  c.c.  N/4  hydrochloric  acid ;  3 :  30  p.  m.,  25  c.c. ;  5  p.  m.,  25  c.c.  Animal 
dull  all  day. 

December  18:     Animal  died,  8:30  a.  m. 

Over  a  period  of  thirty-six  hours  the  rabbit  received,  in  divided  doses,  60  c.c. 
N/8  hydrochloric  acid  and  60  c.c.  N/4  hydrochloric  acid.  After  the  fifth  injec- 
tion the  animal  began  to  appear  dull,  and  this  symptom  increased  with  the 
increasing  strength  of  acid.  No  marked  disturbance  of  respiration  occurred. 
Death  occurred  fourteen  hours  after  the  last  injection  made  at  6:30  p.  m.,  at 
which  time  the  animal  did  not  appear  to  be  seriously  affected.  Total  acid 
received,  82  gm. 

Autopsy. — Rigor,  prompt,  firm.  Slight  edema  of  subcutaneous  tissue.  Lungs 
very  pale.  Liver  dark  brown,  no  congestion  or  fatty  degeneration.  Kidneys 
appear  normal.  Stomach  contains  considerable  food;  shows  no  lesions.  Intes- 
tine similar.  Muscle  pale.  Bone  marrow  congested.  Pia  and  brain  appear 
normal. 

Rabbit  2. — White,  male,  1,720  gm. 

December  18:  Three  injections,  12  c.c.  each,  N/6  hydrochloric  acid.  Rabbit 
appeared  well;  no  symptoms. 

December  19:  Twelve  injections,  12  c.c.  each,  N/6  hydrochloric  acid.  Rapid 
breathing  noted  after  seventh  injection.  Later  this  became  slow  and  shallow; 
ears  cold,  cyanotic;  muscular  twitching;  very  dull.  Three  hours  after  last  in- 
jection animal  much  better. 

December  20:  Eating  heartily.  Red  cells,  4,656,000;  normal  in  appearance. 
Leucocytes,  7,500.  Blood  drop,  cyanotic.  Four  hourly  injections  of  15  c.c. 
N/4  hydrochloric  acid.  Dull;  head  sways.  Respiration,  48.  One  injection,  60 
c.c.  N/4  hydrochloric  acid.  Drowsy,  cyanotic.  Respiration  unchanged.  Thirty- 
five  minutes  after  last  injection,  rabbit  had  a  few  general  spasms  and  died.  Total 
acid  used,  2.16  gm.  in  fifty-two  hours 

Autopsy. — Blood  dark,  fluid.  Marked  general  edema  at  pointb  uf  injection. 
Lungs,  anemic;  other  viscera  congested.  No  signs  of  fatty  degeneration.  Liver, 
dark  red.  Bile,  light  green.  Muscles  pale;  marrow  congested.  Brain  normal. 
Bladder  contains  40  c.c.  clear  urine  showing  a  trace  of  albumin;  very  many 
hyaline  casts;  ammonia  nitrogen  4.2  mg.  in  100  c.c.  (Dr.  P.  A.  Shaflfer). 

Rabbit  3. — ^White,  male,  2,060  gm.  For  four  days  received  15  c.c.  N/8 
hydrochloric  acid;  then  for  five  days  30  c.c;  on  tenth  and  eleventh  days  60  c.c. 
each.  Died  during  night  of  eleventh  day.  During  all  this  time  the  animal  was 
increasingly  dull,  but  no  respiratory  disturbance  could  be  detected. 
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Autopsy. — ^Weight  1,760  gm.,  loss  310  gm.  Abdominal  wall  showed  extensive 
edema  and  in  places  slight  purulent  infiltration.  Blood,  fluid,  dark.  Lungs 
congested.  Stomach  well  filled  with  food.  Kidneys  pale.  Liver  dark-colored, 
congested,  not  fatty.  Bile  brilliant  green.  Muscle  very  pale.  Spleen  soft,  of 
normal  size.    Brain  negative.    Bones  everywhere  of  usual  appearance. 

Conclusions, — From  these  experiments  two  conclusions  seem  to  be 
obvious:  first,  that  rabbits  withstand  considerable  quantities  of  acids 
slowly  administered  (one  receiving  1,485  gm.  in  11  days) ;  and,  second, 
that  when  the  acid  is  slowly  given  subcutaneously,  drowsiness  is  the  chief 
symptom,  and  the  characteristic  dyspnea  can  be  recognized  with  great 
difficulty,  if  at  all. 

Summary  of  Gross  Appearance  of  Organs. — On  account  of  the  venous 

character  and  fluidity  of  the  blood  and  the  congestion  of  the  viscera  one 

would  conclude  that  the  cause  of  death  in  these  animals  was  some  form 

of  asphjrxia,  which  is  also  indicated  by  the  symptoms.    Yet  the  anemia 

of  the  lungs,  skin  and  muscles,  while  consistent  with  slow  asphyxia,  is 

not  characteristic  of  any  common  form'  of  slow  asphyxia  seen  in  man. 

The  brilliant  green  color  of  the  bile  deserves  more  than  routine  notice, 

since  it  indicates  a  pronounced  acidification  of  this  secretion  which  may, 

perhaps,  be  regarded  as  pathognomonic  of  this  form  of  acid  intoxication. 

Otherwise  I  can  only  confirm  the  conclusions  of  others,  that  the  organs 

show  no  gi'oss  lesions  characteristic  of  acid  poisoning. 

Microacopio  Examination, — ^Material  fixed  in  formalin.  Orth*s  and  Zenker's 
fluids  yielded  the  following  general  data:  1.  An  entire  absence  of  fatty  degenera- 
tion in  frozen  sections  of  liver,  and  kidney  stained  by  Sudan  III.  2.  A  peculiar 
granular  and  hydropic  d^eneration  of  the  liver  and,  to  a  less  extent,  of  the 
renal  tubule  cells.  The  eosin-staining  material  in  the  cells  appeared  to  be  very 
deficient.  In  some  foci  and  in  many  isolated  cells  of  the  liver  the  cytoplasm 
was  represented  by  a  thin  cell  border  and  a  few  stainable  clumps  of  granules.  3. 
Swelling  and  hyaline  transformation  of  many  voluntary  muscle  fibers.  4.  Ab- 
sence of  any  alteration  in  appearance  of  compact  and  cancellous  bone  tissue.  5. 
Marked  chr<Hnatolysis  of  stichochrome  cells  of  central  nervous  system. 

This  last  character  recalls  similar  changes  reported  by  me  in  1898,  in 
a  case  of  acute  hydrochloric  acid  poisoning  in  an  adult  man.  While  none 
of  these  changes  can  be  regarded  as  pathognomonic,  and  while  their 
interpretation  presents  many  difficulties,  I  believe  that  they  constitute 
evidence  which  may  prove  of  value  and  which  can  not  wisely  be  ignored 
in  the  diagnosis  of  other  forms  of  acid  intoxication. 

Mosse  describes  a  microchemical  test  for  acidosis.  In  fasting  animals, 
in  uremia,  and  after  death  from  various  poisons,  he  finds  that  the  liver 
fixed  in  alcohol  and  stained  by  the  May-Gninwald  method  or  by  neutral 
red,  shows  a  distinct  basophilic  tint.  Heiberg  obtained  a  distinct  re- 
action of  this  sort  in  the  livers  of  mice  fasting  for  seventy-two  hours. 
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Mice  fed  five  days  on  meat  and  butter  and  killed  twelve  hours  after  a 
single  meal  of  carbohydrate  showed  normal  staining  reactions  of  the 
liver.  I  find  that  livers  of  rabbits  poisoned  by  hydrochloric  acid^  fixed  in 
alcohol,  and  stained  by  Nocht's  method,  or  by  eosin  and  methlyene  blue, 
stain  densely  blue  and  take  little  or  no  eosin ;  yet  I  doubt  the  wisdom  of 
attaching  much  importance  to  slight  variations  in  the  staining  reaction 
of  material  obtained  at  autopsy. 

2.  Acidosis  After  Extibpation  of  the  Liver. 

Another  fundamental  chapter  in  the  role  of  ammonia  in  physiolog}* 
and  in  the  conception  of  acidosis  concerns  the  relation  of  ammonia  to 
urea-formation  and  to  the  functions  of  the  liver. 

It  had  previously  been  shown  by  Salkowski,  Schmiedeberg  and  others 
that  various  ammonia  salts  administered  to  animals  were  not  excreted 
as  ammonia,  but  gave  rise  to  increased  excretion  of  urea  and  the  conclu- 
sion appeared  obvious  that  the  ammonia  was  synthesized  into  urea.  In 
1886  Minkowski  reported  his  remarkable  observations  on  the  influence 
on  uric-acid  formation  of  resection  of  the  liver  in  geese,  demonstrating 
that  the  synthesis  of  uric  acid  in  birds  is  largely,  if  not  exclusively,  a 
function  of  the  liver.  The  anatomic  relations  of  the  liver  in  birds  per- 
mits the  animals  to  survive,  for  about  twenty  hours,  ligation  of  the 
portal  vein,  which  diverts  the  blood  to  the  inferior  vena  cava,  the  ligation 
of  all  arteries  leading  to  the  liver,  and  the  partial  or  complete  extirpation 
of  this  organ.  In  animals  surviving  this  operation  the  excretion  of 
nitrogen  falls  50  to  GO  per  cent.;  uric  acid,  the  avian  representative  of 
urea,  falls  to  one-thirtieth  part  of  the  normal  excretion;  the  ammonia 
rises  to  50  or  60  per  cent,  of  the  total  nitrogen;  while  lactic  acid,  nor- 
mally absent,  reaches  the  enormous  excretion  of  3.5  gm.  for  twelve  hours 
and  constitutes  one-half  of  the  solid  residue  of  the  urine.  The  urine  con- 
tains no  sugar.  The  blood  contains  no  sugar,  but  small  quantities  of 
leucin  and  tyrosin.  On  feeding  these  animals  urea  it  was  excreted  as 
such,  but  amino-acids,  glycocoU,  asparagin,  were  largely  broken  up, 
with  increase  of  ammonia,  but  partly  excreted  as  such.  That  the  excess 
of  ammonia  was  not  caused  by  its  diversion  to  neutralize  acid  was  sho\ni 
by  Engelmann,  who,  by  giving  alkalies,  was  able  to  reduce  the  ammonia 
without  increasing  the  uric  acid.  The  animals  died  in  ten  to  twelve 
hours  with  vomiting,  somnolence,  coma,  and  occasionally  with  con- 
vulsions. 

From  these  experiments  several  highly  important  conclusions  could 
be  drawn: 
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1.  In  birds  the  synthesis  of  uric  acid  (and  urea)  from  ammonia  b 
exclusively  the  function  of  the  liver. 

2.  The  appearance  of  increased  ammonia  in  the  urine  may  result  from 
loss  of  the  synthetic  uric-acid-forming  function  of  the  liver. 

3.  The  desamidation  of  amido-acids  is  possibly  a  function  of  the  liver, 
but  resides  also  in  other  tissues. 

In  order  to  determine  how  far  the  results  in  birds  were  applicable  to 
higher  mammals,  direct  observations  on  dogs  were  necessary.  The  partial 
or  complete  elimination  of  hepatic  function  in  dogs  has  been  accom- 
plished by  von  Schroeder,  by  diverting  the  portal  blood  through  a  canula 
to  a  renal  vein;  by  Hahn,  Massen,  Nencki  and  Pawlow,  by  means  of  an 
Eck  fistula  between  portal  vein  and  inferior  cava,  at  times  combined  with 
ligation  of  the  hepatic  artery;  and  by  Denys  and  Stube  by  injection  into 
the  bile  ducts  of  acetic  acid  or  by  E.  Pick  with  N/25  sulphuric  acid. 
After  all  these  procedures  the  animals  rapidly  passed  into  a  state  of 
intoxication  marked  by  vomiting,  thirst,  somnolence,  coma  and  convul- 
sions. In  animals  with  the  Eck  fistula  the  liver  underwent  fatty  de- 
generation and  atrophy,  but  collateral  circulation  was  sometimes 
established  and  the  animals  survived.  In  these  cases  the  symptoms  were 
most  striking,  consisting  of  attacks  of  somnolence,  muscular  weakness 
and  ataxia,  followed  by  cerebral  excitation,  blindness,  anesthesia  and 
finally  convulsions  and  coma.  Feeding  meat  promptly  induced  an  at- 
tack, sometimes  fatal.  The  urine  regularly  showed  a  reduction  in  urea 
and  excess  of  ammonia  in  combination  with  carbamic  acid,  and  to  the 
toxic  action  of  this  salt  Nencki  and  Hahn  chiefly  attributed  the  symp- 
toms. By  the  injection  into  normal  dogs  or  by  oral  administration  of 
tJiis  acid  and  its  salts  in  animals  with  Eck  fistulas  they  produced 
identical  symptoms.  In  dogs  with  the  Eck  fistula  the  urinary  ammonia 
nitrogen  rose  to  10  or  20  per  cent.,  which  is  not  very  excessive;  but  it 
was  noted  that  the  ammonia  increased  rapidly  with  the  appearance  of 
toxic  symptoms.  In  the  brains  of  animals  dead  of  this  intoxication  they 
found  twice  as  much  (20.5  per  cent.)  ammonia  as  in  oth^r  organs  (10.5 
per  cent.),  and  four  times  as  much  as  in  the  brain  of  the  normal  dog 
(5  per  cent.).  Moreover,  the  arterial  blood  of  a  dog  with  an  Eck  fistula 
and  toxic  symptoms,  contained  as  much  ammonia  as  the  portal  blood  of 
a  normal  dog.^ 


2.  It  may  be  noted  here  that  carbamic  acid  (NH,COOH)  stands  at  the  foot 
of  the  series  of  amido-acids  CnH,n(NH,) — COOH,  andof  the  other  amido-acids,  as 
leucin,  CsHu>NH,C0OH,  several  are  also  present  in  these  conditibns.  To  what 
extent  this  or  other  acids  of  the  series  figure  in  the  results  of  the  Eck  fistula 
and  homologous  conditions  is  not  known.  From  this  point  of  view  it  is  possible 
to  conceive  of  a  special  but  in  one  sense  spurious  type  of  acidosis,  constituted 
by  the  amido-acids,  all  of  which  involve  combinations  with  ammonia. 
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In  animals  with  the  Eck  fistula  or  in  which  the  liver  has  been  de- 
stroyed by  injections  of  destructive  agents  in  the  bile  ducts,  the  alka- 
lescence of  the  blood  is  not  apparently  much  reduced.  No  very  complete 
observations  on  this  point  are  available,  but  Denys  and  Stube  and  E. 
Pick  failed  to  find  any  marked  reduction  in  the  alkalescence  of  the  blood 
in  their  experiments.  In  this  respect  an  important  divergence  exists 
from  the  conditions  found  in  experimental  intoxication  by  acids. 

Salaskin  and  Zaleski  find  a  striking  difference  in  the  results  of  ex- 
tirpation of  the  liver  from  those  following  the  Eck  fistula  or  destruction 
of  the  liver  by  injection  of  acids  into  the  bile  ducts.  With  the  Eck 
fistula  the  synthesis  of  ammonia  into  urea  is  defective;  there  is  increase 
of  ammonium  carbamate  in  the  blood  and  intoxication  by  this  agent ;  the 
carbon  dioxid  of  the  blood  is  not  reduced,  and  the  urine  is  alkaline.  After 
extirpation  of  the  liver  more  complicated  processes  arise;  the  synthesis 
of  ammonia  into  urea  is  defective ;  lactic  and  other  acids  are  produced  in 
excess  with  corresponding  increase  of  ammonia;  the  carbon  dioxid  con- 
tent of  the  blood  is  probably  reduced  and  the  urine  is  acid.  Biedl  and 
Winterberg  were  unable  to  verify  some  of  the  above  observations,  pos- 
sibly owing  to  differences  in  technics,  and,  like  Lieblein,  they  assert  that 
ammonium  carbamate  is  not  directly  concerned  in  these  intoxications. 
While  the  exact  details  and  interpretation  of  results  may  be  left  to 
future  investigators,  the  significance  of  the  observations  of  the  Russian 
school  need  not  be  seriously  doubted. 

The  studies  in  this  field  are  of  fundamental  importance,  not  only 
for  the  physiology  of  nitrogenous  metabolism,  but  for  the  doctrine  of 
acid  intoxication.  They  show  that  ammonia  is  essentially  connected  with 
the  formation  of  urea  and  the  functions  of  the  liver,  and  that  this  urinary 
measure  of  acidosis  may  be  increased  by  primary  disturbance  of  hepatic 
function,  in  which  an  entirely  secondary  and  theoretical  acidosis  exists. 

When  such  a  primary  disturbance  of  the  liver  occurs,  as  from  an 
Eck  fistula,  it  is  obvious  that  not  only  the  urea-forming  function,  but 
all  the  other  functions  are  disordered  or  abolished.  Hence,  the  tendency 
to  refer  all  the  symptoms  to  the  action  of  one  agent,  such  as  carbamic 
acid,  must  lead  to  grave  error.  It  falls  outside  the  scope  of  the  present 
topic  to  consider  in  detail  the  biliary  function,  the  relation  to  carbo- 
hydrate metabolism,  and  other  phases  of  nitrogenous  metabolism,  or  to 
dwell  on  the  various  symptoms  accompanying  disturbance  of  these  func- 
tions, but  it  is  probable  that  in  hepatic  disease  associated  with  excess 
of  urinary  anmionia  the  influence  qf  all  these  factors  may  have  to  bo 
considered. 
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It  has  thus  been  shown  by  the  forgoing  lines  of  experimental  re- 
search that: 

1.  It  is  possible  to  kill  animals  by  injections  of  mineral  acids  or  even 
of  organic  acids  in  large  quantity,  and  such  animals  die  with  marked 
reduction  of  some  of  the  acid-neutralizing  properties  of  the  blood  and 
with  diminished  carbon  dioxid  content  suflBcient  to  explain  their  peculiar 
dyspnea.  In  such  cases  the  urine  shows  marked  reduction  of  urea 
nitrogen  and  corresponding  excess  of  ammonia,  which  is  diverted  to 
neutralize  the  acids.  The  autopsy  findings  indicate  death  from  asphyxia, 
and  the  organs  are  free  from  notable  lesions. 

2.  When  the  functions  of  the  liver  are  abolished,  animals  die  with 
very  pronounced  nervous  symptoms,  extreme  loss  of  urea  nitrogen,  high 
ammonia  nitrogen,  and  the  presence  in  blood  and  urine  of  carbamic 
acid  and  ammonia,  the  chief  antecedents  of  urea,  and  with  considerable 
lactic  acid.  The  urinary  signs  of  acidosis  are  pronounced  and  in  many 
respects  similar  to  those  seen  after  experimental  acid  poisoning,  but  in 
the  case  of  the  Eck  fistula  no  increased  formation  of  acids  has  occurred, 
no  abstraction  of  tissue  alkali  can  be  assumed,  and  death  must  result  from 
some  different  mechanism,  possibly  from  intoxication  with  accumulating 
antedecedents  of  urea.  The  autopsy  shows  nearly  complete  destruction 
of  the  liver,  secondary  degeneration  of  other  organs,  but  little  reduction 
of  blood  alkalescence  or  carbon  dioxid  content.  After  extirpation  of  the 
liver  more  complicated  processes  arise,  marked  by  increase  of  lactic  acid 
and  by  excess  of  ammonia  from  failure  of  urea  synthesis  and  probably 
from  diversion  of  ammonia  for  the  neutralization  of  acids. 

Armed  with  these  two  striking  pictures  furnished  by  experimental 
pathology  one  may  now  safely  enter  the  field  of  clifiical  medicine,  to 
ascertain  to  what  extent  these  prototypes  are  reproduced  by  spontaneous 
diseases  of  man  and  lower  animals. 

3.  Clinical  Development  of  the  Doctrine  op  Acid  Intoxication. 

In  1857  Fetters  showed  that  the  penetrating  odor  of  the  breath., 
urine  and  organs  of  diabetic  subjects  is  caused  by  acetone,  and  he  first 
referred  the  coma  of  diabetes  to  acetone  poisoning.  Later  Kaulich  dem- 
onstrated acetone  in  the  urine  of  many  diabetics  and  described  a  group 
of  nervous  symptoms  as  a  characteristic  clinical  picture  of  acetonemia. 
This  substance  was  subsequently  found  in  the  urine  in  many  other  con- 
ditions, some  of  which  showed  no  nervous  symptoms,  and  opinions  be- 
came divided  regarding  the  significance  of  acetonemia,  some  holding  that 
it  was  the  cause  of  the  terminal  intoxication  of  diabetes  and  of  nervous 
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symptoms  in  many  diseases,  others  believing  that  it  possessed  little  or 
no  important  clinical  significance. 

Knssmaul  was  very  direct  in  his  criticism  of  the  idea  of  acetone  in- 
toxication. He  pointed  out  that  acetone  had  long  been  used  in  the  treat- 
ment of  phthisis  and  that  in  considerable  quantities  it  was  entirely 
without  toxic  effects  in  man.  In  a  case  of  advanced  phthisis  he  admin- 
istered 4  gm.  daily  for  six  weeks  without  noting  any  of  the  symptoms  de- 
scribed by  Kaulich.  He  tested  the  toxicity  of  acetone  in  rabbits  and 
dogs  and  concluded  that  it  was  much  less  toxic  than  chloroform  and 
slightly  more  so  than  alcohol,  which  it  closely  resembled  in  action. 

KussmauVs  Coma, 

In  1874  Kussmaul  drew  attention  to  the  peculiar  clinical  features  of 
certain  cases  of  diabetic  coma  and  sharply  distinguished  them  fiom  those 
of  Kaulich's  acetonemia.    These  features  were : 

1.  A  characteristic  form  of  dyspnea.  The  respiratory  movements 
were  very  deep,  regular,  grosse  Atmung,  and  somewhat  accelerated,  20 
to  40  per  minute.  The  movement  of  air  was  entirely  unobstructed  and 
venous  congestion  of  the  jugular  veins  during  life  and  of  the  viscera 
after  death  was  absent.  The  contrast  between  the  general  weakness  and 
the  deep,  powerful  respiration  was  most  striking. 

2.  A  rapid  and  weak  heart  action,  120  to  140  per  minute. 

3.  Nervous  excitation,  restlessijess,  screaming,  jactitation  and  hypo- 
gastric pain. 

4.  Coma,  beginning  one  or  more  hours  after  the  appearance  of 
dyspnea  and  continuing  till  death.  The  temperature,  slightly  elevated 
at  first,  became  subnormal  and  the  pupils  were  normal  or  contracted. 

Kussmaul  concluded  that  this  form  of  coma  was  caused  by  a  direct 
stimulus  of  the  respiratory  center  by  some  intoxication  arising  in  the 
course  of  the  disease  and  not  from  loss  of  oxygen,  or  accumulation  of 
carbon  dioxid,  or  from  acetone  poisoning. 

Von  Jdksch's  Acetonemia. 

The  next  advance  in  the  study  of  diabetic  coma  was  furnished  by 
R.  von  Jaksch,  who,  in  1883,  showed  that  Gerhardt^s  ferric  chloric  re- 
action in  febrile  and  diabetic  urines  was  referable  to  diacetic  acid. 
Although,  as  Folin  points  out,  von  Jaksch  was  dealing  with  a  mixture 
of  diacetic  and  beta-oxybutyric  acids,  this  was  the  first  demonstration  of 
acid  substances  in  the  acetone  series.  Instead  of  bringing  the  observa- 
tion in  line  with  the  excessive  urinary  ammonia  in  diabetes,  von  Jaksch 
firmly  believed  in  the  direct  toxic  action  of  acetone  and  diacetic  acid, 
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and  he  constructed  an  elaborate  classification  of  the  various  clinical 
forms  of  acetonemia. 

Another  characteristic  of  diabetic  urine  which  required  explanation 
was  the  high  proportion  of  ammonia  demonstrated  by  Hallervorden. 
In  one  case  he  found  5.96  gm.  of  ammonia  excreted  in  one  day,  an 
amount  equal  to  60  c.c.  aqua  ammonia  and  equivalent  to  17.18  gm.  of 
concentrated  sulphuric  acid.  A  parallel  between  the  excretion  of  am- 
monia and  the  intensity  of  the  disease  appeared  not  to  exist.  Haller- 
vorden accepted  the  view  that  the  ammonia  signified  neutralization  of 
acids  and.  he  administered  45  gm.  of  sodium  bicarbonate  with  the  idea 
of  replacing  the  ammonia,  but  the  experiment  failed  to  prove  the  theory, 
as  the  ammonia  remained  unaltered. 

Discovery  of  Oxybutyric  Acid  in  Diabetes, 

It  was  an  essential  contribution  to  the  subject  when  Stadelmann,  by 
balancing  the  known  acids  and  bases,  proved  that  diabetic  urine  contains 
a  great  excess  of  bases  over  that  required  to  neutralize  the  inorganic 
acids,  and  hence  that  some  unknown  organic  acid  must  exist  in  the 
highly  acid  diabetic  urine.  He  attempted  to  isolate  the  acid  and  ob- 
tained a  substance  free  from  nitrogen  and  sulphur  which  he  regarded  as 
crotonic  acid,  CHjCHCHjCOOH.  He  drew  the  further  important 
conclusion  that  diabetic  coma  of  Kussmaul's  type  is  identical  in  char- 
acter with  that  produced  by  Walter  by  ingestion  of  hydrochloric  acid  in 
rabbits,  and  that  it  must  be,  therefore,  an  acid  intoxication,  and  he 
announced  his  determination  to  treat  his  next  case  of  coma  with  sodium 
carbonate. 

Stadelmann's  work  was  promptly  followed  by  the  demonstration, 
simultaneously  by  Klilz  and  by  Minkowski,  of  beta-oxybutyric  as  the 
questionable  acid  in  diabetic  urjne.  Besides  beta-oxybutyric  acid  and  its 
derivative,  diacetic  acid,  which  may  be  regarded  as  of  similar  significance, 
diabetic  urine  is  said  to  contain  other  organic  acids  which  may  figure  in 
the  intoxication.  Beckoning  acetone  as  diacetic  acid,  from  which  it  is 
rapidly  formed  in  the  urine,  the  total  quantity  of  diacetic  acid  in  coma 
seldom  reaches  the  maximum  observed  by  Magnus-Levy — 33  gm.  in  a 
case  giving  120  gm.  beta-oxybutyric  acid.  Usually  acetone  and  diacetic 
acid  are  much  less  in  amount,  so  that  they  usually  contribute  a  very 
small  part  of  the  acidosis. 

Traces  of  lactic  acid  have  been  found  (Bumpf),  but  they  may  result 
from  fermentation  of  sugar.  The  sarcolactic  acid  of  Minkowski  was 
probably  a.  terminal  or  postmortem  product.  Volatile  fatty  acids  were 
isolated  by  von  Jaksch  and  by  Bumpf,  but  Magnus-Levy  criticizes  the 
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methods  employed  and  believes  that  such  products  are  chiefly  derived 
from  changes  in  beta-oxybutyric  acid.  If  present  as  such  the  quantities 
are  trifling,  so  that  diabetic  acidosis  is  almost  entirely  due  to  diacetic 
and  beta-oxybutyric  acids. 

While  the  majority  of  observers  at  this  time  were  rather  firmly  con- 
vinced that  the  dyspneic  coma  of  diabetes  was  the  result  of  abstraction 
of  alkalies  from  the  blood  and  tissues,  a  true  acid  action,  von  Jaksch 
and  others  held  to  the  theory  of  a  "coma  diaceticum''  caused  by  direct 
toxic  action  of  acetone  compounds  and  it  was  generally  acknowledged 
that  decisive  proof  had  not  been  furnished  for  either  theory.  It  was 
especially  the  comparative  resistance  of  camivora  to  acid  poisoning  and 
the  demonstration  by  Coranda  that  man  resembles  the  dog  in  his  feeble 
response  to  ingested  acids  that  established  a  serious  doubt,  not  yet  en- 
tirely removed,  that  a  fatal  acid  intoxication  could  ever  arise  spontane- 
ously in  the  course  of  disease  in  man. 

Clinical  Studies  of  Oxybutyric  Acid  in  Diabetes. 

In  the  minds  of  many  the  final  evidence  in  favor  of  the  acid  intoxica- 
tion theory  of  diabetic  coma  has  been  furnished  from  the  clinical  side, 
whence  alone  it  could  come,  by  numerous  quantitative  estimations  of  the 
excretion  of  acetone  compounds  in  a  series  of  cases.  On  such  observa- 
tions in  diabetic  coma  must  rest  the  final  verdict  regarding  the  signifi- 
cance of  this  form  of  acidosis,  for  in  no  other  conditions  are  the  acetone 
compounds  present  in  such  quantity  and  nowhere  else  do  characteristic 
symptoms  seem  so  definitely  connected  with  acidosis. 

The  eariier  observations  indicated  that  beta-oxybutyric  acid  or  the 
sum  total  of  acetone  compounds  in  diabetes  were  formed  in  considerable 
but  not  in  really  large  quantities.  Stadelmann  calculated  from  the 
excess  of  urinary  bases  that  8  to  23  gm.  of  the  acid  measured  the  daily 
excretion  in  his  case  of  coma.  Minkowski,  after  the  administration  of 
alkali,  found  24  gm.  on  the  day  of  fatal  coma.  Wolpe,  in  nine  cases, 
found  an  average  of  5  gm.,  but  23  gm.  appeared  in  a  comatose  patient. 
He  could  not  establish  a  parallel  between  the  ammonia  and  acid  ex- 
cretion. Later  Minkowski  found  that  an  excretion  of  16  gm.  daily  had 
risen,  after  three  weeks,  to  53  gm.  during  coma.  On  the  other  hand, 
Baumann  obtained  only  10  gm.  from  1^4  liters  of  urine  passed  during 
the  final  forty-eight  hours  of  coma. 

The  most  extensive  report  on  the  quantitative  excretion  of  beta- 
oxybutyric  acid  is  that  of  Magnus-Levy,  and  many  believe  that  the 
enormous  quantities  which  this  observer  has  found  in  certain  cases  has 
furnished  the  final  proof  of  the  acid  intoxication  theory  of  diabetic  coma. 
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While  beta-oxybutyric  acid  is  absent  in  mild  cases  of  diabetes, 
Magnus-Levy  concludes  from  more  than  thirty  subjects  that  this  acid  is 
present  in  all  severe  cases  of  the  disease  and  tends  to  increase  as  the  dis- 
ease progresses,  ranging  in  cases  free  from  coma  from  7  to  30  gm.  daily. 
Yet  he  reports  one  severe  case  progressing  unfavorably  in  which  only 
traces  were  found,  and  his  and  other  reports  show  great  variations  in 
the  amount  of  acid  excreted.  In  coma  very  much  larger  amounts  appear, 
especially  with  alkali  treatment.  In  one  remarkable  case  (VI)  the 
enormous  quantity  of  157  gm.  of  beta-oxybutyric  and  diacetic  acids  was 
estimated  from  the  excess  of  bases  over  inorganic  acids  in  92  liters  of 
urine.  In  another  case  107  gm.  were  found,  or  4  to  4.5  gm.  per  kilo  of 
the  patient's  weight.  Yet  in  four  cases  coma  appeared  when  the  excre- 
tion of  acids  ran  from  20  to  40  gm.  and  one  instance  (II)  coma 
developed  when  only  2.5  gm.  were  found. 

It  is  clear  that  the  very  large  quantities  of  acid  recorded  in  these 
reports  were  largely  referable  to  excessive  diuresis  from  sodium  bicar- 
bonate. Yet  the  acid  was  present  in  the  body,  and  Magnus-Levy  calcu- 
lates, with  what  validity  is  uncertain,  that  in  a  patient  weighing  30  kg. 
and  excreting  143  gm.  of  beta-oxybutyric  acid,  fatal  acidification  of  the 
body  would  be  produced  by  80  to  150  gm.  of  the  acid.  However  uncer- 
tain such  computations  may  be,  it  is  obvious  that  the  quantities  of 
organic  acids  in  diabetic  urine  are  far  beyond  any  ];easonable  limit  of 
safety. 

The  relation  to  symptoms  must  be  determined,  however,  not  solely 
from  their  presence  in  the  urine,  but  from  evidence  of  their  existence 
and  action  in  the  body.  From  Magnus-Levy's  table,  considered  merely  as 
statistics,  it  is  possible  to  argue  that  the  coma  was  caused  by  glucose  or 
ammonia,  quite  as  much  as  by  beta-oxybutyric  acid,  for  all  these  sub- 
stances were  enormously  increased  by  the  alkaline  diuretic.  It  is 
necessary  to  inquire  to  what  extent  the  other  features  of  Walter's  acid 
poisoning  are  represented  in  diabetic  coma. 

The  alkalescence  of  the  blood,  as  measured  by  the  carbon  dioxid 
content,  was  found  by  Minkowski  to  be  30  volumes  per  cent,  in  normal 
human  arterial  blood,  1.17  volumes  per  cent,  in  a  diabetic  subject  free 
from  coma,  and  3.3  volumes  per  cent,  some  weeks  later  during  coma. 
At  the  same  time  the  venous  blood  showed  19.5  volumes  per  cent.  (1,000 
mm.  pressure).  Kraus  in  thirteen  cases  found  the  carbon  dioxid  in 
venous  blood  (at  760  mm.  pressure)  from  10.20  to  19.77  volumes  per 
cent,  (normal,  35  to  40  volumes  per  cent.). 
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The  titratable  alkali  of  the  venous  blood  was  determined  by  Kraus 
in  a  fatal  coma  and  found  to  have  fallen  to  125  mg.  sodium  hydrate  for 
100  c.c.  of  blood,  normal  185  to  220  mg. 

Magnus-Levy,  using  Lowy's  method,  found  that  normal  blood  yielded 
an  alkali  value  almost  never  less  than  260  mg.  sodium  hydrate,  and 
seldom  more  than  400  mg.,  while  this  alkalinity  was  not  greatly  reduced 
in  any  other  condition  except  diabetic  coma.  In  mild  cases  of  diabetes 
the  alkalescence  was  found  within  normal  limits.  In  three  severe  cases 
coma  began  with  normal  alkalinity  (361,  290,  324  mg.),  but  fell  during 
its  progress  to  234  and  124  mg.  and  in  one  case  recovering  under  alkalies 
it  rose  from  324  to  362  mg.,  falling  to  154  mg.  in  the  blood  five  minutes 
postmortem. 

These  results  with  the  carbon  dioxid  content  and  alkalinity  of  the 
blood,  while  far  from  demonstrative,  may  be  regarded  as  consistent  with 
the  theory  of  acid  intoxication. 

In  the  blood  and  organs  considerable  quantities  of  beta-oxybutyric 
acid  have  been  found  which,  especially  in  conjunction  with  other  acids, 
may  at  least  partially  account  for  the  reduced  alkalescence.  Minkowski 
determined  the  presence  of  over  0.22  per  cent,  of  the  acid  in  the  blood  of 
the  cadaver.  Magnus-Levy  analyzed  the  blood  and  organs  of  three  cases, 
finding  as  much  as  0.22  per  cent,  in  the  blood,  0.14  per  cent,  in  liver, 
0.17  per  cent,  in  spleen  and  0.13  per  cent,  in  the  muscles,  besides  acetone, 
diacetic  and  lactic  acids.  In  a  patient  of  45  kg.  weight  he  calculated 
that  the  beta-oxybutyric  acid  amounted  to  100  gm.  Assuming  an 
average  fall  in  blood  alkalescence  in  fatal  coma  of  220  mg.  sodium 
hydrate  (Lowy's  method)  he  calculates  that  this  could  be  produced  by 
572  mg.  of  beta-oxybutyric  acid  per  100  c.c.  blood,  which  amount  was 
actually  found  in  the  blood  by  Hogounenq. 

ALKALI  THERAPY  IX  DIABETIC  COMA. 

The  results  of  alkali  therapy  further  extend  the  parallel  between 
diabetic  coma  and  Walter^s  acid  poisoning.  The  results  of  the  practical 
test  of  Stadelmann's  suggestion  that  the  acid  dyspneic  coma  might  be 
combated  by  neutralizing  the  acids  with  alkalies  were  entirely  unsuc- 
cessful, both  in  his  own  hands,  with  Hallervorden,  who  anticipated  him, 
and  with  his  immediate  imitators.  Patients  in  coma  or  excreting  large 
amounts  of  ammonia  failed  to  improve  when  given  20  to  40  gm.  of 
sodium  bicarbonate.  ^Vhen  the  quantity  of  alkali  was  increased  better 
results  were  obtained.  Magnus-Levy  failed  to  abort  fatal  coma  in  three 
of  four  cases,  although  one  of  them  received  200  gm.  of  sodium  bicar- 
bonate, but  in  a  boy  of  13  years  he  appeared  to  succeed  in  aborting  two 
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attacks  of  coma  by  the  enormous  quantities  of  210  and  200  gm.  on  the 
day  of  severest  symptoms,  although  the  urine  remained  acid.  It  is,  of 
course,  uncertain  how  severe  these  symptoms  would  have  been  without 
treatment. 

In  a  second  case,  a  child  of  12  years,  100  gm.  sodium  bicarbonate 
was  followed  by  the  excretion  of  7  liters  of  urine  with  107.6  gm.  of 
acid,  and  by  marked  improvement.  Minkowski  also  reported  one  case  of 
coma  cured  by  alkali  and  Grube  describes  complete  recovery  from  a 
definite  coma  in  one  adult  with  similar  treatment. 

In  recent  years  reports  and  opinions  regarding  the  efficacy  of  alkalies 
have  varied  greatly  and  failures  certainly  far  outnumber  the  successes. 
N'aunyn,  in  a  recent  review,  states  that  in  fully  developed  cases,  intra- 
venous injection  of  alkali  does  not  relieve  the  coma,  but  at  most  causes 
temporary  improvement.  Before  the  outbreak  of  the  coma,  however,  the 
results  are  much  better.  He  was  able  to  abort  three  attacks,  but  failed 
in  the  fourth  occurring  in  the  same  patient. 

The  successful  results  seem  to  occur  only  in  young  subjects  and  in 
these,  although  some  attacks  may  be  influenced,  later  ones  are  fatal. 
Xaunyn  could  report  no  case  of  coma  in  an  adult  cured  by  alkali.  Al- 
though a  consistent  advocate  of  the  alkali  treatment,  he  freely  admits 
that  the  good  results  may  be  due  to  other  than  the  acid-neutralizing 
properties.  In  Young's  case  coma  subsided  for  eleven  days  after  venesec- 
tion and  injection  with  salt  solution.  Hilton-Pagge  relieved  another  by 
infusion  with  the  acid  mixture  sodium  chlorate  and  sodium  phosphate! 
In  Naunyn's  experience,  777  cases,  the  regulation  of  the  diet  with 
judicious  use  of  carbohydrates  seemed  to  be  equally  effective.  Schwarz 
asserts  that  he  cured  by  gluconic  acid  a  case  resisting  alkali.  Here  the 
antiketogenic  influence  of  this  acid  was  supposed  to  come  into  action. 

Finally  it  is  admitted  that  dyspneic  coma  may  develop  during  the  ad- 
ministration of  alkali  and  while  the  urine  is  alkaline,  that  is,  when 
enough  alkali  is  present  to  protect  the  tissues.  In  this  connection  it 
need  not  be  overlooked  that  alkalies  have  themselves  no  inconsiderable 
tendency  to  increase  the  formation  or  excretion  of  acetone  compounds. 

THEORETICAL   CONSIDERATIONS. 

Are  there  any  explanations  which  may  account  for  these  conflicting 
data  and  still  leave  the  theory  of  acid  intoxication  a  tenable  hypothesis? 
Xumerous  efforts  have  been  made  to  lighten  the  obscurities  in  this  field 
with  a  success  variously  estimated  by  different  authorities. 

1.  It  may  be  maintained,  first,  that  there  are  several  types  of  coma 
in  diabetes.    Naunyn  describes  three,  briefly  indicated  as:     (a)  Typical 
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acid  dyspneic  coma;  (b)  coma  of  doubtful  type  suggesting  acid  intoxica- 
tion with  severe  acidosis;  (c)  coma  of  the  same  type  without  severe 
acidosis.  One  may,  therefore,  suppose  that  the  cases  which  resist  alkali 
are  not  the  acid  type  of  coma  and  that  diabetic  coma  is  not  always  of 
essentially  the  same  origin.  The  majority  of  clinicians,  however,  are 
probably  represented  by  von  Noorden,  who  hesitates  to  accept  this  sub- 
division of  the  essential  coma  of  diabetes.  They  prefer  to  suppose  that 
the  acid  element  of  the  coma  is  of  necessity  relieved  by  alkali,  but  that 
other  contributing  factors  are  uninfluenced. 

2.  Another  line  of  argument  is  based  on  the  possibility  that  the  alkali 
when  administered  may  not  reach  the  acid  in  time  or  in  sufficient  quantity 
to  neutralize  it.  A  secondary  hypothesis  supposes  that  the  acids  before 
neutralization  cause  in  the  organs  changes  which  themselves  prove  fatal, 
even  after  the  acids  are  neutralized.  The  validity  of  these  hypotheses 
can  be  estimated  only  by  a  minute  consideration  of  the  place  of  formation 
and  the  source  of  beta-oxybutyric  acid,  and  it  is  not  probable  that  in  the 
present  state  of  our  knowledge  a  definite  conclusion  can  be  reached. 
Any  acids  derived  from  the  fats  and  proteins  of  the  blood  or  immediately 
reaching  the  blood  from  the  tissues  must  be  neutralized  promptly  by 
circulating  alkali,  when  this  is  introduced  intravenously,  or  even  when 
administered  by  mouth,  unless  absorption  is  greatly  retarded.  It  is  not 
probable  that  acids  from  this  source  can  cause  any  great  loss  of  tissue 
alkali  during  alkaline  treatment.  Much  the  same  condition  must  hold 
for  the  acids  produced  in  the  muscles. 

Magnus-Levy  conceives  the  acids  as  forming  within  organ  cells  and 
streaming  into  the  blood  plasma,  but  not  before  abstracting  the  fixed 
alkalies  of  the  cells,  which  are  thereby  damaged,  even  in  the  presence  of 
abundance  of  alkali  in  the  blood.  Hence,  the  alkali  would  be  entirely 
effective  only  when  present  within  the  cells.  Prom  this  quite  hypothetical 
point  of  view  it  seems  possible  to  explain  the  failure  of  the  alkali  therapy 
in  the  presence  of  a  purely  acid  intoxication.  In  fact,  while  animals 
poisoned  by  acid  in  extremis  react  promptly  to  the  injection  of  alkali  it 
is  a  wonder  that  any  one  should  expect  the  human  body  suffering  from 
spontaneously  forming  intracellular  acids  to  react  in  the  same  decisive 
manner. 

Landau  finds  that  in  rabbits  showing  acidosis  from  phosphorus  poison- 
ing, administration  of  alkali  has  no  effect  on  the  total  blood  alkalescence, 
owing  to  the  rapid  excretion  of  the  alkali  by  the  urine,  which  becomes 
alkaline,  and  continuous  formation  of  acids  from  toxic  destruction  of 
tissues.  In  fasting  rabbits,  in  which  tlie  acidosis  is  referable  to  sulphuric 
and  phosphoric  acids  and  not  to  acetone  compounds,  sodium  carbonate 
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promptly  brings  the  blood  alkalescence  to  normal  and  is  able  to  hold  it 
there,  since  in  starvation  acids  are  not  so  rapidly  produced.  Such  con- 
siderations reveal  some  of  the  necessarj^  limitations  of  alkali  tiierapy  in 
disease.  At  any  rate,  it  must  be  accepted  as  a  fact  that  diabetic  coma 
is  seldom  or  never  cured  by  neutralization  of  acids,  although  it  is  probable 
that  coma  may  be  improved  or  even  postponed  by  alkali  therapy. 

Against  the  purely  acid  nature  of  diabetic  intoxication  the  objec- 
tions seem  to  be  far  more  direct. 

1.  There  is  the  well-attested  fact  that  coma  closely  resembling  the 
dyspneic  type  may  occur  with  little  or  no  acidosis  (Miinzer  and  Strasser, 
Lupine,  Kraus),  but  there  seems  to  be  insufficient  ground  for  assuming 
that  the  condition  is  essentially  different  from  that  of  the  more  typical 
cases.  In  Miijizer  and  Strasser's  case  diacetic  acid  and  acetone  were 
present  in  abundance,  but  beta-oxybutyric  acid  was  absent  and  no 
acetone  compounds  could  be  found  in  tlie  blood  of  the  cadaver.  Magnus- 
Levy  expresses  the  opinion  that  these  observations  are  unreliable.  In 
Magnus-Levy's  Case  5,  typical  acid  coma  on  oj^e  day  was  relieved  by 
alkali,  but  recurred  the  next  day  without  the  dyspnea,  yet  Magnus-Levy 
believes  that  on  the  two  days  it  was  of  identical  origin. 

2.  Coma  may  improve  when  the  urine  still  remains  acid  (Magnus- 
Levy)  and  may  remain  unaffected  when  the  urine  becomes  alkaline. 

3.  The  ammonia  excretion,  which  is  supposed  to  measure  the  degree 
of  acidosis,  does  not  run  parallel  with  the  quantity  of  acids  as  determined 
by  other  methods,  and  administration  of  alkali  may  not  reduce  the  per- 
centage of  urinary  ammonia. 

It  seems  to  be  a  still  debatable  question  whether  Kussmaul's  dyspneic 
coma  is  specific  of  diabetes  and  acid  poisoning. 

Lit  ten  long  ago  described  typical  Kussmaul's  coma  in  scarlatinal 
nephritis  and,  under  the  title  "coma  dyspepticum,*^  he  described  very 
similar  features  in  cases  of  marked  gastric  disturbance.  Senator  con- 
cluded that  dyspneic  coma  occurs  in  other  fatal  diseases,  as  pernicious 
anemia  and  cancer,  in  which  it  is  not  associated  with  marked  acidosis. 
Herzog  also  has  recently  pointed  out  the  difficulties  of  distinguishing  be- 
tween diabetic  and  other  forms  of  coma. 

4.  The  ingestion  or  infusion  of  alkali  has  other  prominent  effects  in 
addition  to  that  of  neutralizing  acids.  It  is  actively  diuretic.  In 
Magnus-Levys  most  striking  case  of  recovery  from  coma  under  alkali 
treatment,  220  gm.  sodium  bicarbonate  in  forty-eight  hours  increased 
the  urine  273  per  cent.,  the  sugar  330  per  cent.,  the  organic  acids  220 
per  cent.    When  the  urine  is  increased  from  2.6  liters  to  7.1  liters  it  is 
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clear  that  opportunity  has  been  given  during  this  violent  washing  of 
tissues  for  excretion  of  many  other  noxious  substances  besides  acids. 

From  the  figures  in  this  remarkable  case  taken  without  reference  to 
the  nature  of  the  substance  concerned  we  might  suppose  that  the 
enormous  output  of  sugar  relieved  the  patient  more  than  the  removal  of 
acids.  Lupine  believes  that  the  alkaline  treatment  does  good,  not 
especially  because  it  neutralizes  acids — for  the  sodium  salts  of  propionic, 
butyric,  and  lactic  acids  are  toxic — but  largely  because  it  is  diuretic. 

It  is  on  the  physiologic  action  and  not  on  the  amounts  of  the  sub- 
stances excreted  that  the  significance  of  the  table  depends. 

Benedict  adds  to  the  obscurity  of  the  subject  by  the  results  of  ob- 
servations on  the  hydrogen  and  hydroxyl  ion  content  of  the  blood  in 
diabetic  coma.  It  was  shown  by  Szili  that  the  hydroxyl  ion  concentration 
of  the  blood,  while  identical  with  that  of  distilled  water,  is  nevertheless 
reduced  95  per  cent,  in  animals  dying  from  injections  of  hydrochloric 
acid,  in  other  words,  that  it  is  acid  as  determined  by  this  method. 
Benedict,  however,  finds  that  in  diabetes  with  severe  acidosis  the  con- 
centration of  hydroxy?  ions  usually  varies  within  normal  limits.  In 
coma  it  may  be  slightly  diminished,  but  it  is  not  far  from  the  normal 
and  is  not  lowered  nearly  as  much  as  in  other  conditions  in  which  symp- 
toms of  intoxication  are  absent.  Farkas  and  Scipiades  in  two  cases  of 
normal  pregnancy  found  lower  readings  for  the  hydroxyl  ions  than  were 
obtained  in  Benedict's  case  of  fatal  diabetic  coma.  It  may  well  prove, 
as  Folin  surmises,  that  physical  chemical  laws  governing  the  solution  of 
electrolytes  are  of  little  significance  in  pathologic  physiology,  and  yet 
the  fact  remains  that  Benedict  has  brought  to  light  a  new  point  of  dif- 
ference between  diabetic  coma  and  experimental  acid  poisoning,  and  one 
that  can  not  be  lightly  dismissed  without  further  explanation. 

5.  The  carbon  dioxid  content  of  the  blood  is  greatly  reduced  in  acid 
coma,  but  Meyer  and  Kraus  find  it  greatly  reduced  in  other  conditions 
which  are  not  marked  by  KussmauFs  signs,  viz.,  in  poisoning  by  many 
hemolytic  agents,  in  miliary  tuberculosis  and  erysipelas.  Kraus  also  re- 
ports three  cases  of  diabetic  coma  in  which  carbon  dioxid  content  was 
very  slightly  altered,  diacetic  acid  absent,  and  yet  the  symptoms  could 
hardly  be  distinguished  from  dyspneic  coma.  These  results  suggest  the 
need  of  repetition  of  the  studies  in  the  carbon  dioxid  content  of  the  blood. 

Finally  it  is  a  fact  of  frequent  verification  that  patients  may  long 
withstand  a  severe  acidosis,  that  coma  frequently  supervenes  with  dimin- 
ishing excretion  of  sugar  and  ammonia,  while  Naunyn  refers  to  a  case 
which  for  six  years  withstood  pronounced  acidosis  with  the  aid  of  alkalies, 
but  finally  died  in  coma  in  spite  of  them.    All  tliese  observations  seem 
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to  indicate  that  there  is  some  essential  process  which  is  responsible  both 
for  the  acids  and  for  the  coma,  and  that  a  successful  therapy  must  attack 
this  earlier  process. 

In  spite  of  the  prodigious  labor  devoted  to  the  subject  over  a  period 
of  thirty  years,  it  is  evident  that  the  existence  of  an  acid  intoxication  has 
not  been  placed  beyond  the  field  of  debate.  So  many  uncertainties  still 
surround  this  question  that  nearly  all  of  those  who  have  carefully  con- 
sidered the  available  evidence  have  declined  to  take  a  positive  stand  on 
either  side,  and  regard  the  matter  as  undetermined.  The  question  is  so 
complex  and  its  phases  reach  out  into  so  many  branches  of  medical  and 
collateral  science  as  to  suggest  that  the  final  verdict  must  await  further 
progress  in  all  departments.  The  practical  value  of  the  theory  as  a  basis 
for  hopeful  therapeutics  is  its  strongest  plea  for  acceptance  and  here,  at 
the  same  time,  is  presented  its  most  potent  weakness. 

It  is  my  personal  opinion  that  the  experimental  basis  of  the  theory  of 
acid  intoxication  is  sufficiently  well  founded  and  the  chemical  studies  oi 
diabetes  furnish  adequate  grounds  for  concluding  that  acid  intoxication 
produces  coma  in  diabetes,  but  the  clinical  evidence  is  quite  unsatisfac- 
tory. The  clinical  data  point  to  the  occurrence  of  identical  symptoms  in 
other  conditions  and  even  in  diabetes  in  which  there  is  comparatively 
little  evidence  of  acidosis,  while  coma  fails  to  develop  witli  many  diabetics 
with  very  severe  acidosis.  These  facts  appear  to  me  irreconcilable  with 
the  assumption  of  an  exclusively  acid  origin  of  diabetic  coma,  and  lead 
me  to  think  that  acidosis  is  one  of  several  factors  leading  to  this  coma, 
but  one  which  stamps  it  with  certain  peculiar  qualities. 

The  status  of  the  whole  subject  of  acid  intoxication  appears  to  depend 
on  its  position  in  diabetes.  On  this  point  Magnus-Levy  is  especially 
emphatic,  asserting  that  in  diabetic  coma  alone  true  acid  intoxication 
exists;  in  all  other  conditions  there  is,  in  the  sense  of  i^aunyn,  only 
physiologic  acidosis. 

All  may  not  agree  with  this  conclusion,  but  it  is  clear  that  in  no 
other  condition  does  the  acidosis  reach  the  same  intensity  as  in  diabetes. 
Yet  the  enormous  amounts  of  beta-oxybutyric  acid  found  by  Magnus- 
Levy  stand  almost  alone,  and  it  is  desirable  that  his  results  should  be 
verified  by  independent  observers. 

It  is  equally  clear  that  the  direct  attack  on  the  problem  by  observa- 
tions on  human  diabetes,  on  the  results  of  alkali  therapy,  and  on  the 
experimental  production  of  acidosis,  have  not  succeeded  in  reaching  a 
solution.    More  fundamental  knowledge  of  the  occurrence,  source,  chem- 
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istry,  and  physiology  of  the  acetone  compounds  is  needed  before  the 
correct  interpretation  of  diabetic  acidosis  can  be  attained,  and  to  the 
numerous  contributions  in  this  field  attention  may  next  be  turned. 
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//.    PHYSIOLOGIC  CHEMISTRY  OF  ACETONE  COMPOUNDS. 

The  significance  of  acidosis  must  eventually  be  determined  by  the 
chemistry  and  physiology  of  the  substances  in  question.  The  enormous 
quantities  of  acetone  compounds  found  in  diabetes  are  of  much  interest, 
but  they  may  be  of  no  more  importance  for  the  symptoms  of  the  disease 
and  no  closer  index  of  its  nature  than  is  the  enormous  excretion  of  sugar. 
We  believe  that  sugar  is  neither  directly  nor  indirectly  a  toxic  agent  in 
diabetes,  but  the  doctrine  of  acid  intoxication  supposes  that  the  acetone 
compounds  are  directly  responsible  for  some  of  the  most  striking  symp- 
toms. Indeed,  if  this  doctrine  is  accepted  in  its  entirety  most  of  the 
serious  symptoms  of  the  disease  must  be  connected  with  these  substances. 
As  the  direct  study  of  diabetes  has  not  succeeded  in  fully  establishing 
the  position  of  acid  intoxication,  new  light  must  be  sought  in  the  chem- 
istry and  physiology  of  the  acetone  compounds  and  in  the  general  occur- 
rence of  acidosis. 


Digitized  by 


Google 


26 

The  Sources  of  Acetone  Compounds. 

That  a  close  relation  exists  between  acetone,  aceto-acetic  and  beta- 
oxybiityric  acids  is  seen  in  their  chemical  constitution. 

CH3  CH3  CH3 

CHOH  CO  CO 

I  I  I 

CH2  CII2  CH3 

!  I 

COOH  COOH 

Beta-oxybutyric  acid  Aceto-acetic  acid  Acetone 

It  is  shown  also  by  the  readiness  with  which  acetone  may  be  derived 
from  beta-oxybutyric  acid  in  the  test-tnbe,  by  the  appearance  of  diacetic 
acid  and  acetone  in  the  urine  when  beta-oxybutyric  acid  is  administered 
to  animals,  and  by  the  frequent  association  of  all  three  acetone  com- 
pounds in  the  urine. 

Minkowski  in  1869,  distilling  a  dilute  solution  of  beta-oxybutyric 
acid  oxydized  by  potassium  bichromate  and  sulphuric  acid,  obtained 
acetone,  and  he  concluded  that  in  man  this  acid  was  the  forerunner  of 
acetone.  Diacetic  acid  is  readily  transformed  into  acetone  at  100  de- 
grees C.  Minkowski  fed  beta-oxybutyric  acid  to  a  diabetic  dog;  Meyer 
gave  it  to  healthy  men,  and  Waldvogel  and  Magnus-Levy  to  diabetic 
patients,  and  in  each  case  there  was  an  increase  of  acetone  or  diacetic 
acid  in  the  urine.  These  results  have  often  been  verified.  Characteristic 
of  the  occurrence  of  acetone  compounds  is  the  fact  that  acetone,  diacetic 
acid  and  finally  beta-oxybutyric  acid  appear  in  order  as  the  disease  in- 
creases in  severity  and  disappear  in  the  reverse  order  as  the  disease 
improves.  There  is  thus  abundant  evidence  of  the  close  relation  between 
these  three  substances,  justifying  the  use  of  the  expression  "acetone 
compounds,"  and  indicating  that  they  all  have  a  common  source  in  the 
body.  Yet  there  are  other  modes  of  origin  of  acetone  besides  the  direct 
derivation  from  oxybutyric  acid,  and  several  discrepancies  exist  between 
this  theory  of  origin  and  the  occurrence  of  acetone  bodies  in  the  urine, 
so  that  the  exclusive  origin  of  acetone  from  oxybutyric  through  diacetic 
acid  can  not  be  regarded  as  satisfactorily  proven. 

Relation  to  Carbohydrates. 
The  old  clinical  impression  that  acetonuria  resulted  from  fermenta- 
tion of  carbohydrates  in  the  intestine  was  supported  by  the  appearance 
of  acetone  in  the  test-tube  when  various  carbohydrates  were  split  up  in 
the  presence  of  alkalies  (Fremy). 
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It  has  also  seemed  possible  that  the  diabetic  acetonuria  may  result 
from  destruction  of  sugar  or  other  carbohydrates  of  the  body,  since 
Harley  found  acetone  and  diacetic  acid  in  the  blood  of  dogs  after  injec- 
tion of  glucose  and  ligation  of  the  ureters,  and  derived  both  those  sub- 
stances from  sugar.  Yet  Pfliiger  regards  the  production  of  acetone  from 
sugar  in  diabetes  as  far  from  proved,  and  it  is  obvious  that  Harley's  ex- 
periments are  not  necessarily  binding  for  diabetes. 

That  any  considerable  formation  of  acetone  from  carbohydrates  oc- 
curs in  human  disease  was  rendered  very  unlikely  by  the  discovery  by 
Rosenfeld  and  Hirschfeld  that  carbohydrate-free  diet  induces  marked 
acetonuria,  and  that  in  diabetes  the  withdrawal  of  carbohydrates  may 
cause  a  large  increase  in  acetone  output  which  diminishes  on  the  restora- 
tion of  carbohydrates  to  the  diet.  On  the  other  hand,  in  certain  cases 
of  diabetes  in  which  the  glycosuria  has  been  reduced,  the  ingestion  of 
carbohydrates  increases  both  sugar  and  acetone  (Waldvogel,  p.  75).  In 
diabetes  and  some  other  pathologic  conditions  the  acetone  of  the  urine 
greatly  exceeds  that  of  the  breath,  while  in  the  dietetic  acetonuria  of 
normal  subjects  excretion  by  the  breath  usually  exceeds  that  of  the  urine 
and  may  reach  70  per  cent,  of  the  total  (Schwarz).  It  is  a  curious  effect 
of  carbohydrates  that  they  tend  to  increase  the  proportion  of  acetone 
eliminated  by  the  breath  and  to  decrease  that  of  the  urine,  thus  trans- 
forming the  pathologic  into  a  so-called  physiologic  condition. 

Carbohydrates  vary  in  their  capacity  to  influence  acidosis.  In  starva- 
tion Joms  asserts  that  he  has  observed  that  starch  increased  the  acetone, 
but  that  saccharose,  and,  to  a  much  less  extent,  glucose  decreased  the 
total  acetone  excretion,  while  glyconic  acid  diminished  the  acetone  of  the 
breath  while  increasing  that  of  the  urine.  The  striking  benefit  in  dia- 
betes obtained  by  von  Noorden  and  others,  and  recently  by  Herrick,  from 
the  use  of  oatmeal  and  other  carbohydrates,  suggests  that  the  diabetic 
organs  may  lose  the  capacity  to  bum  one  carbohydrate  while  retaining 
command  over  others.  Yet  the  results  of  the  oatmeal  diet  in  diabetes 
have  been  very  conflicting,  and  the  exact  cause  of  the  improvement  in 
such  eases  is  not  certainly  known. 

The  marked  antiketogenic  influence  of  levulose  noted  by  Mohr  and 
Loeb  has  also  been  applied  in  the  treatment  of  diabetes.  According  to 
Hii-schfeld,  at  least  80  gm.  of  carbohydrate  must  be  taken  daily  to  pre- 
vent the  occurrence  of  dietetic  acetonuria,  but  the  observations  are 
hardly  suflBcient  to  establish  any  definite  rule. 

Two  hypotheses  have  been  suggested  to  account  for  these  observations : 
1,  that  the  burning  of  carbohydrates  facilitates  the  combustion  of  acetone 
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compounds;  and,  2,  that  the  presence  of  carbohydrates  spares  the  body 
fats  and  thereby  stops  the  formation  of  acetone  compounds. 

Waldvogel  is  the  chief  exponent  of  the  view  that  carbohydrates  merely 
prevent  the  burning  of  fats,  and  in  a  detailed  consideration  of  various 
forms  of  acidosis  he  was  able  to  show  rather  clearly  that  acidosis  usually 
begins  with  the  burning  of  body  fats.  In  phloridzinized  dog  acidosis 
begins  after  the  liver  has  consumed  its  glycogen  and  has  begun  to  call 
on  the  fats  and  proteins  for  energy,  and  here  feeding  protein  as  well  as 
carbohydrate  reduces  the  acidosis  (Baer,  Blum).  It  thus  appears  that  in 
dogs  acidosis  will  not  arise  as  long  as  there  are  available  carbohydrates 
anywhere  in  the  body. 

Yet  this  fact  does  not  prove  for  human  acidosis  that  the  carbohy- 
drates merely  replace  the  fat,  although  it  is  true  that  carbohydrates  are 
more  readily  burned  in  health  than  are  fats.  If  the  carbohydrates  merely 
replaced  fat,  then  there  should  be  a  quantitative  relation  between  the 
amount  of  sugar  needed  and  the  degree  of  acidosis  (fat  consumption)  to 
be  combdtted.  But,  as  von  Noorden  shows,  no  such  relation  exists,  since 
100  gm.  of  glucose,  equivalent  to  30  to  35  gm.  of  fat,  promptly  obliter- 
ates most  traces  of  acidosis  after  meat  fat  diet,  and  the  acidosis  does  not 
recur  when  muscular  exertion  raises  the  consumption  of  fat,  as  he  sup- 
poses, above  its  former  level.  Satta  shows  that  comparatively  small 
amounts  of  carbohydrate  suffice  to  prevent  acidosis,  while  much  larger 
quantities  are  needed  to  reduce  it  when  once  established.  Hence  it  ap- 
pears that  the  burning  of  carbohydrates  facilitates  the  normal  and  com- 
plete combustion  of  fats,  as  though  the  oxidation,  more  readily  estab- 
lished in  carbohydrates,  was  communicated  in  some  way  to  the  fats. 
Mohr  supposes  that  the  carbohydrates,  which  are  rich  in  oxygen,  yield 
nascent  oxygen  within  the  cells  and  thus  directly  consume  the  fats,  but 
there  appears  to  be  no  definite  chemical  ground  for  this  opinion.  Whether 
the  carbohydrate  prevents  the  formation  of  acetone  compounds  or  facili- 
tates their  combustion  when  formed  is  not  known. 

According  to  Satta,  the  formation  of  acetone  compounds  is  the  result 
of  a  specific  disturbance  of  fat  combustion  resulting,  like  the  excessive 
formation  of  ammonia  and  increase  of  uric  acid,  from  injury  of  organ 
cells.  In  pneumonia  acetone  production  continues  in  spite  of  added  car- 
bohydrates, increases  wdth  the  fever,  and  subsides  when  the  general  con- 
dition improves.  Mohr  traces  this  result  to  the  slower  combustion  of  car- 
bohydrates. In  diabetes  Mohr  and  others  believe  that  there  is  a  qualita- 
tive disturbance  in  fat  combustion  connected  with  the  failure  to  utilize 
carbohydrates,  so  that  from  a  given  quantity  of  fatty  acids  more  acetone 
compounds  result  than  in  normal  metabolism. 
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It  was  thought  that  further  light  on  this  subject  miglit  be  secured  by 
testing  the  effects  on  acidosis  of  rectal  and  subcutaneous  injection  of 
sugar.  J.  Muller,  Schumann-Le  Clercq  and  Waldvogel  got  no  influence 
from  sugar  so  administered,  but  Satta  secured  results  as  good  as  with 
administration  by  mouth. 

While  these  and  other  related  questions  still  await  solution,  at  present 
it  appears  that  in  addition  to  fat  and  protein  sparing  action,  a  certain 
amount  of  carbohydrate  combustion  is  necessary  for  the  normal  processes 
of  metabolism  and  that  when  the  carbohydrate  is  deficient  metabolism  is 
disturbed  in  various  ways,  one  of  which  is  an  abnormal  and  incomplete 
combustion  of  fats.  An  interesting  suggestion  in  this  much  debated 
field  comes  from  Packard,  who  finds  that  Fundulus  embr}'os,  maltose, 
levulose  and  glucose  increase  resistance  to  lack  of  oxygen,  acting,  accord- 
ing to  this  observer,  as  depolarizers  in  the  process  of  protoplasmic  respi- 
ration and  enabling  this  process  to  go  on  to  some  extent  in  spite  of  the 
lack  of  oxygen. 

Relation  of  Acetone  Compounds  to  Fats. 

While  the  final  proof  that  acetone  compounds  may  be  derived  from 
fats  in  the  test-tube  has  been  reserved  for  recent  workers,  it  was  shown 
by  Cotton  that  fats  on  oxidation  yield  acetone,  and  it  was  partially 
proved  by  Schreiber  tliat  beta-oxy butyric  acid  appears  when  butter  is 
warmed  with  potassium  permanganate  and  alkali.  The  butter,  however, 
contained  traces  of  protein,  as  well  as  butyric  acid. 

Geelmuyden  first  observed  a  marked  increase  of  acetone  in  healthy 
men  fed  on  butter,  and  his  observations  formed  the  beginning  of  the 
present  extensive  clinical  data  by  which  the  origin  of  acetone  from  fats 
has  been  proven.  Having  in  mind  the  fact  that  acetone  excretion  in 
many  cases  is  not  accompanied  by  excessive  destruction  of  proteins,  and 
accepting  the  clear  indication  that  acetone  is  not  derived  from  carbo- 
hydrates, Waldvogel  saw  no  other  source  for  the  acetone  compounds 
than  the  fats,  and  ^vith  Hagenberg  he  demonstrated  a  definite  increase  in 
acetonuria  by  feeding  olive  oil  to  fasting  subjects  and  diabetics,  and  by 
adding  butter  and  olive  oil  to  full  mixed  diet  of  normal  subjects.  Many 
exceptions  to  this  ketogenic  action  of  fat  were  found  to  be  due  to  personal 
peculiarities  of  the  subject,  to  the  amount  and  character  of  the  food 
in  the  intestine,  and  especially  to  the  readiness  with  which  the  fats  were 
absorbed. 

In  these  earlier  experiments  much  confusion  arose  from  failure  to 
take  account  of  the  antiketogenic  effects  of  the  carbohydrates.  It  was 
found  that  the  increase  of  acetone  in  patients  on  mixed  diet  was  not 


Digitized  by 


Google 


30 

constant  and  never  marked,  seldom  exceeding  100  mg.  per  diem.  One  of 
the  disturbing  factors  was  shown  by  Geelmuyden  to  be  the  carbohydrates 
of  the  food,  while  Schwarz  found  that  administration  of  150  gm.  of 
glucose  caused  a  prompt  disappearance  of  acetonuria  in  a  patient  who 
showed  acidosis  from  a  meat-fat  diet.  On  such  a  diet  free  from  carbo- 
hydrates more  pronounced  grades  of  acidosis  occur.  Gerhardt  and 
Schlesinger  each  subsisted  on  meat  and  fat  for  eight  days.  Acetonuria 
appeared  on  tlie  second  day,  diacetic  acid  on  the  third  day,  and  beta- 
oxybutyric  acid  in  considerable  amounts  on  the  fifth  and  seventh  days. 
Yet  even  here  the  presence  of  protein  in  the  food  diminishes  the  keto- 
plastic  action  of  fat,  since  acetonuria  increases  as  the  albumin  of  the  food 
is  decreased  (Eosenfeld).  This  result  may  be  referred  to  the  action  of 
carbohydrate  radicles  in  protein  and  to  its  general  fat-sparing  influence 
(Geelmuyden).  Hence  it  appears  that  the  ketogenic  influence  of  fats 
can  be  satisfactorily  studied  only  in  fasting  subjects. 

A  third  disturbing  factor  of  importance  was  pointed  out  by  Joslin 
in  the  variable  absorption  of  fats,  a  source  of  error  which  previous 
observers  had  largely  overlooked.  It  was  found  by  Hirschfeld  that,  of 
the  components  of  fat,  glycerin  is  strongly  antiketogenic,  and  Hagenburg 
and  Joslin  showed  that  neutral  fats  are  not  ketogenic,  probably  because 
of  their  glycerin  content,  and  that  the  ketoplastic  action  of  fats  increases 
with  their  content  of  free  fatty  acids.  The  failure  of  palmitic  and 
stearic  acids  to  increase  acetone,  as  noted  by  Schwarz,  Joslin  attributes 
to  their  failure  to  be  absorbed,  while  oleic  acid  which  is  readily  absorbed 
is  markedly  ketoplastic.  Butyric  acid  he  found  inert  in  a  healthy  fasting 
subject. 

In  diabetics  various  forms  of  fats  have  been  found  to  increase  acidosis, 
as  butter,  olive  oil,  bacon,  cream.  Sodium  butyrate '  greatly  increased 
the  acetone  in  a  case  of  Schwarz.  Yet  Magnus-Levy  gave  a  mild  diabetic 
20  gm.  of  beta-oxybutyric  acid  in  tliree  hours  and  the  urine  failed  to 
yield  any  acetone  compounds.  Loeb  and  Mohr  found  a  general  parallel 
between  the  amount  of  fats  taken  by  diabetics  and  the  excretion  of  beta- 
oxybutyric  acid.  On  giving  a  diabetic  50  gm.  of  water-free  butyric  acid 
there  was  an  increase  in  the  beta-oxybutyric  acid  excreted  of  19.5  gm. 

It  is  obvious  that  the  above  observations  have  a  practical  bearing  both 
on  the  regulation  of  diet  in  acidosis  and  on  the  interpretation  of  the 
signs  of  acidosis.  The  lower  fatty  acids,  butyric,  caproic  and  isovaleric, 
are  so  readily  converted  into  beta-oxybutyric  and  yield  relatively  such 
large  amounts,  as  shown  by  Schwarz,  that  it  seems  highly  desirable  that 
these  acids  should  be  excluded  froin  diabetic  diet. 
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According  to  Schwarz,  the  ketogenic  action  of  fats  in  severe  diabetes 
is  very  little  influenced  by  carbohydrates  and  increases  with  the  loss  of 
tlie  capacity  of  the  body  to  bum  carbohydrates  and  fats.  In  a  case  of 
diabetes,  in  which  the  patient  received  200  gm.  of  beef  fat  daily  for  three 
days.  Schwarz  saw  dyspneic  coma  develop,  and  Waldvogel  details  a  case 
in  which  fatal  coma  developed  after  a  period  in  which  the  diet  contained 
100  gm.  of  butter  per  diem. 

An  interesting  experiment  by  Satta  indicates  that  the  grade  and  char- 
acter of  acidosis  do  not  vary  whetlier  the  patient  bums  his  own  or  ingested 
fat,  since  two  subjects,  one  on  a  meat-fat  diet,  the  other  fasting,  began 
to  excrete  beta-oxybutyrie  acid  on  the  first  and  second  days,  the  total 
excretion  averaging  7.89  gm  and  7.85  gm.  daily  over  the  three  or  four 
days  of  observation.  Yet  in  the  fasting  subject  the  acidosis  increased 
rather  more  rapidly.  AUard  found  that  the  introduction  of  fast  days  in 
the  course  of  diabetes  caused  a  marked  reduction  of  acetone  lasting  sev- 
eral days,  an  observation  that  shows  that  acetone  compounds  are  rapidly 
produced  from  ingested  food. 

While  the  above  clinical  experiments  strongly  impressed  the  belief 
that  fats  are  the  chief  source  of  acetone  compounds,  this  opinion  has 
long  lacked  a  needed  confirmation  from  the  inability  to  trace  the  steps 
through  which  fats  become  converted  into  acetone  compounds.  This 
deficiency  has  been  largely  met  by  Knoop,  who  has  shown  that  fatty 
acids  are  attacked  by  oxidation  at  the  beta-carbon  atom,  and  that,  accord- 
ing to  this  rule,  certain  fatty  acids  are  readily  oxidized  in  the  body  to 
the  acetone  series.  Knoop  executed  the  plan  of  attaching  the  benzol 
ring  to  various  fatty  acids  to  facilitate  their  identification  and  then 
determining  their  fate  in  fasting  dogs.  In  this  way  he  was  able  to  arrest 
the  oxidation  at  certain  points  so  as  to  determine  the  steps  in  the  process. 

If  the  fatty  acid  attached  as  a  side  chain  to  the  benzol  ring  contains 
only  two  carbon  atoms,  as  phenyl  acetic  acid,  CoHjCHjCOOH,  these 
can  not  be  split  off  and  such  compounds  pass  through  tlie  body  unaltered. 
If  the  chain  contains  three  or  four  carbon  atoms  these  can  be  split  off, 
but  only  in  groups  of  two.    Thus : 

Cinnamic  acid,  CoH,CH=CHCOOH,  yielded  CeH^COOH. 

Phenyl  butyric  acid  CeH.CH^CH^CH.COOH,  yielded 
CeH^CH^COOH. 

Phenyl  valeric  acid,  CeH^CH^CHjCHoCHgCOOH,  yielded 
CeH.COOH. 

On  the  other  hand,  phenylalanin,  CcH^CHjCHNH  COOH,  was 
completely  bumed,  the  benzol  ring  being  split  up.    Phenyl  lactic  acid. 
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CeHgCH^CHOH  COOH,  and  some  other  benzene  compounds  were  also 
split  up,  but  the  conditions  detennining  the  combustion  of  the  benzol 
ring  have  not  been  defined. 

Knopp's  beta-carbon  oxidation  theory  has  revealed  for  the  first  time 
a  definite  rule  governing  the  oxidation  of  fatty  acids,  and  if  his  deduc- 
tions are  valid  then  it  should  become  possible  to  predict  from  their  chem- 
ical constitution  which  acids  will  prove  ketogenic.  In  order  to  yield 
beta-oxybutyric  acid  a  normal  fatty  acid  must  contain  at  least  four 
carbon  atoms.  It  must  contain  an  even  number  of  carbon  atoms  in 
order  to  follow  the  rule  of  beta-carbon  oxidation,  with  splitting  off 
of  the  carbon  atoms  in  groups  of  two.  Thus  normal  valeric  acid 
(CH3CH2CH2CH2COOH)  does  not  yield  beta-oxybutyric  acid,  while 
caproic  acid  does  (CHjCHjCH^CHaCHaCOOH)    (Schwarz). 

The  theory  has  already  been  tested  to  some  extent.  Embden,  by  per- 
fusing excised  organs  with  aerated  blood,  has  found  that  the  liver  is  the 
sole  organ  producing  acetone  under  these  conditions.  Perfusion  through 
Jung,  muscle  or  kidney  failed  to  give  acetone  (Embden,  Kalberlah). 
He,  therefore,  located  in  the  liver  the  chief  function  of  acetone  produc- 
tion in  the  body. 

Embden,  Salomon  and  Schmidt,  perfusing  through  the  excised  liver 
aerated  blood  containing  various  fatty  acids,  obtained  results  which 
show  that  the  rule  of  beta-carbon  oxidation  does  not  apply  in  the  case 
of  branched  fatty  acids  or  amino  acids.  Thus  leucin  and  isovaleric  acid 
gave  increased  acetone  while  aminovaleric  acid  and  isobutyl acetic  did  not. 

CH3  CH3 
Yet  isovaleric  acid,    CII       can  not  give  beta-oxybutyric  acid  by  oxida- 
CH3 
COOH 
tion    at    the    beta-carbon    atom.      Baer    and    Blum    obtained    similar 
results,    conflicting   with   this   theory.      Administering   fatty   acids   to 
diabetics,  they  found  that  isovaleric  acid,  leucin,  tyrosin,  and  phenyl- 

CH3 
CH2 
alanin,  were  ketogenic,  while  normal  valeric  acid,    CHo,    and  isobutvric 

ch; 

COOH 


cn3CH3 

acid,    CH     were  not. 
COOH 
Borchardt  and  Lange  seem  to  have  thrown  needed  light  on  the  subject 
by  pointing  out  that  three  rules  govern  the  formation  of  beta-oxybutyric 
acid  from  fatty  and  amino  acids : 
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1.  Branched  fatty  acids  yield  beta-oxybutyric  acid  through  the 
replacement  of  the  methyl  group  (CH,)  by  hydroxyl.  Example: 
Isovaleric       Oxybutryic 

acid.  acid. 

CH3  CH3        CH3  OH 

CH        =      CH  Schwarz,   Emden,   and  Baer   and   Blum,   all 

CH3  CH2 

COOH  COOH 

found  isovaleric  acid  ketogenic. 

2.  Derivatives  of  fatty  acids  and  proteins,  including  amino-acids,  may 
be  split  up  by  oxidation  at  that  carbon  atom  at  which  one  H  is  replaced  by 

Aminovaleric  acid.    Butyric    Oxybutyric 
CH3  acid.  acid. 

CHj  CHj  CHg 

some  other  group.   Thus:      CHj         =  CHg      =  CHOH     Hereoxid- 

CHNH,        CH2  CHj 

COOH  COOH        COOH 

ation  occurs  at  the  alpha-carbon  atom,  and  since  amino-acids  of  this  type 
constitute  the  bulk  of  most  proteins,  this  rule  may  explain  the  possible 
ketoplastic  influence  of  many  proteins.  Thus  leucin  passes  through 
isovaleric  acid  to  beta-oxybutyric  acid. 

Leucin.  Isovaleric  acid.        Oxybutyric  acid. 

CH3  CH3  -      -  ~ 

CH 

CH2  = 

CHNH2 
COOH 

3.  Normal  straight-chain  fatty  acids  follow  Knoop's  rule  of  beta- 
carbon  oxidation,  and  they  yield  beta-oxybutyric  acid  only  when  they 
contain  at  least  four  and  an  even  number  of  carbon  atoms.  Butyric  and 
caproic  acids  yield  beta-oxybutric  acid. 


CH.  CH, 

CH,  OH 

CH 

CH 

CHj 

CHj 

COOH 

COOH 

Butyric  acid. 

Caproic  acid. 

CH,                CH, 

CH, 

CH,                CHOH 

CH, 

CH, 

CHj        =    CH, 

CH, 

=    CHOH 

COOH           COOH 

CH, 

CH, 

CH, 

COOH 

COOH 

Nonnal  valeric  acid,  however, 

is  not  ketogenic. 

oxidizing  at  the  beta- 

carbon  atom. 

Normal  valeric  acid :     CH, 

CH, 

CH, 

CH, 

COOH 
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How  far  these  rules  may  explain  the  behavior  of  other  fatty  acids 
which  have  not  been  directly  tested,  and  especially  their  application  to 
more  complex  fat  and  protein  derivatives,  remains  for  future  studies  to 
determine.     So  far  as  I  can  leam  these  rules  cover  the  observed  facts. 

Many  of  the  obscurities  in  the  working  out  of  Knoop's  theory  are 
missing  in  the  direct  demonstration  by  Dakin  of  the  steps  of  oxidation 
of  butyric  acid  in  the  test-tube  under  the  influence  of  peroxid  of 
hydrogen.  The  convincing  quality  of  Dakin's  work  consists  in  the  direct 
isolation  from  the  products  of  oxidation  of  butyric  acid  of  a  number  of 
substances  which  when  arranged  in  their  necessary  series  reveal  the  steps 
which  the  process  has  taken.  Assuming  that  the  higher  fatty  acids  when 
breaking  down  reach  the  stage  of  butyric  acid  by  the  rule  of  beta-carbon 
oxidation,  Dakin  isolated  from  the  further  oxidation  of  butyric  acid  the 
following  substances:  aceto-acetic  acid,  acetone,  propionic  aldehyd, 
acetaldehyd,  acetic  acid,  formic  acid  and  carbon  dioxid.  From  these 
data  the  following  series  of  changes  has  been  reconstructed  by  Dakin. 


DERIVATION    OF   ACETONE    FROM    BUTYRIC    ACID. — DAKIN. 


CH3.CH2.CH,.C00H 


CH3.CHOH.CH2.COOH 
Beta-oxybutyric  acid. 

CH3.CO.CH2.COOH 

Diacetic  acid. 

CH3.CO.CH3+CO2 
Acetone. 


Butyric  acid. 


CH3.CHO+-, 

Acetaldehyd. 

I 
CH3.COOH 

Acetic  acid. 


CH3.CH2.CHOH.OOOH 
Alpha-oxybutyric  acid. 

CH^.CH^.CHO-fCOs-fH.O 

propionic  aldehyd. 

CH2.CH2.COOH 
Propionic  acid. 

CHs.COH-fCO^+H^O 

Acetaldehyd. 

CH3COOH 


H.COOH-fCO^-fH^O 
Formic  acid. 

CO.+H^O. 

According  to  this  scheme  butyric  acid  under  these  conditions  suffers 
oxidation  at  both  alpha-  and  beta-carbon  atoms,  in  the  former  case  yield- 
ing acetone  compounds,  in  the  latter  case  passing  through  a  longer  series 
of  steps,  possibly  including  lactic  acid,  but  eventually  reaching  complete 
oxidation  with  avoidance  of  the  acetone  stage.  This  conception  of  the 
breaking  up  of  fatty  acids  applying  equally  to  the  amino-acids,  opens  up 
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several  lines  of  speculation.  It  would  appear  to  be  a  matter  of  con- 
siderable consequence  whether  oxidation  occurs  at  the  alpha-  or  the  beta- 
carbon  atom,  since  in  the  former  case  the  process  becomes  arrested  at  the 
acetone  stage,  while  in  the  latter  case,  passing,  as  Dakin  believes,  through 
lactic  acid,  the  process  is  carried  to  completion.  Much  importance  may 
therefore  attach  to  the  decision  whether  oxidation  shall  occur  at  the  less 
favorable  beta-carbon  atom  or  in  the  more  propitious  alpha  position. 

The  significance  of  Dakin's  work  must  eventually  depend  on  the 
validity  of  reactions  in  the  test-tube  for  processes  occurring  in  the  body. 
It  is  pointed  out  that  similar  products  of  protein  decomposition  result 
from  the  action  of  bacteria  and  yeasts.  Yet  hydrogen  peroxid  does  not 
act  in  the  body,  and  even  in  the  test-tube  its  behavior  is  easily  influenced. 
Shaffer  has  shown  that  uric  acid  is  rapidly  broken  up  in  the  test-tube 
by  hydrogen  peroxid,  but  on  the  addition  of  a  little  of  the  enzyme  katalase, 
hydrogen  peroxid  is  promptly  split  up  and  the  uric  acid  remains  un- 
altered. 

At  present  we  must  be  content  to  learn  tliat  such  a  series  of  changes 
as  Dakin  constructs  is  a  possibility,  while  leaving  to  the  future  to  decide 
its  bearing  on  vital  processes. 

Relation  to  Proteins. 

The  possibility  of  obtaining  acetone  from  proteins  in  the  test-tube 
seemed  to  have  been  proved  by  Cotton  by  digesting  fibrin  and  casein  with 
peroxid  of  hydrogen,  and  by  Blumenthal  and  Neuberg  by  heating  gelatin 
with  ferric  salts  and  peroxid  of  hydrogen,  while  Orgler  in  the  same  man- 
ner obtained  acetone  from  crystalline  egg  albumin. 

The  clinical  observations  pointing  to  the  derivation  of  acetone  com- 
pounds from  proteins  relate  chiefly  to  diabetic  acidosis.  The  well-known 
fact  that  diabetics  respond  to  meat-fat  diet  with  increased  acetonuria 
was  long  accepted  as  proof  of  the  protein  origin  of  acetone,  and  it  still 
remains  a  question  whether,  under  these  conditions,  much  of  the  acetone 
in  diabetes  is  not  the  result  of  protein  metabolism.  The  acetonuria  fol- 
lowing withdrawal  of  carbohydrates  was  also  interpreted  in  the  same 
direction. 

On  the  other  hand,  cases  of  diabetes  were  observed,  two  of  which 
were  carefully  reported  by  Weintraud  and  by  Magnus-Levy,  in  which 
with  nitrogen  equilibrium,  large  amounts  of  acetone  compounds  were 
excreted  over  long  periods.  Further,  Hirschfeld,  Palma,  and  Waldvogel 
showed  that  there  was  usually  no  parallel  l)etween  nitrogen  and  acetone 
excretion,  and  in  three  cases  Hirschfeld  found  less  acetone  with  rich 
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than  with  low  protein  diet.  When,  in  addition  to  these  well-attested 
observations,  the  fat  and  protein  sparing  influence  of  carbohydrates  be- 
came recognized,  and  the  pronounced  ketoplastic  action  of  ingested  fats 
had  been  subjected  to  experimental  control  the  importance  of  proteins 
as  a  source  of  acetone  appeared  to  be  greatly  reduced. 

Yet  several  recent  studies  show  that  amino-acids  are  readily  converted 
into  acetone  compounds  both  in  the  organism  and  in  the  test-tube. 

Baer  and  Blum  obtained  increased  acetonuria  in  diabetics  fed  with 
leucin,  and  Borchardt  and  Lange  demonstrated  the  ketogenic  influence 
of  these  substances  in  healthy  subjects  on  carbohydrate-free  diet.  By 
perfusing  excised  livers  with  blood  containing  leucin  or  ammonium  iso- 
valerate,  Emblem,  Salomon,  and  Schmidt  secured  considerable  amounts 
of  acetone. 

In  the  test-tube  Dakin  warmed  leucin,  alanin,  and  glycerol  with 
peroxid  of  hydrogen  and  traces  of  ferrous  sulphate  and,  among  the  prod- 
ucts, obtained  traces  of  acetone.  From  leucin  the  products  isolated  were 
isovaleric  aldehyd,  isovaleric  acid,  acetone,  ammonia,  carbon  dioxid  and 
probably  isobutyric  acid,  some  of  which  have  been  obtained  from  the 
action  of  bacteria  on  leucin.  From  these  substances  the  following  series 
of  changes  from  leucin  could  be  reconstructed : 

DERIVATION  OF  ACETONE  PBOM  LEUCIN. — DAKIN. 

^§»NcH.CH,.CHNH,.COOH 


Leucin. 
CH,\ 

Isovaleric  adelhyd. 


(.g -/CH.CH2.CHO+NH3+CO2 


^23\cH.CH2.COOH 

Isovaleric  acid.    \ 
g§»NcH.CHOH.COOH  ^5'/C(OH)-CH2.COOH 

Alpha-oxyisovaleric  acid.  Beta-oxyisovaleric  acid. 

^^"/CH.COOH 

Isobutyric  acid.  "'>:^    ^ 

CHg.CO.CHg-fCO.-fH.O 
Acetone. 
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Not  all  radicles  of  the  protein  molecule  seem  to  produce  acetone,  at 
least  in  the  animal  body.  In  fact,  it  is  clear  that  proteins,  like  fats,  con- 
tain antagonistic  groups  as  regards  acetone  formation.  Some  indication 
of  the  nature  of  these  antagonistic  radicles  may  be  obtained  from  an 
inspection  of  the  various  protein  derivatives  whose  relation  to  acetone 
formation  has  been  tested. 

KETOGENIC   RELATIONS   OF  PROTEIN   DERIVATIVES. 
KETOGENIC. 

Leucin Borchardt,  Lange. 

Arginin Borchardt,  Lange. 

Aminovaleric  acid Borchardt,  Lange. 

Isovaleric  add Baer,  Blum. 

Beta-aminobutyric  acid Sternberg. 

Nutrose,  casein  (in  diabetes) Lathje. 

Protamin Borchardt. 

Histon Borchardt. 

Egg  albumin ^Borchardt. 

Thyroid  .'Waldvogel. 

Sodium  butyrate Schwarz. 

Sodium  acetate Satta. 

Butyric  acid  (in  diabetes) Loeb,  Mohr. 

Oxybutyric  acid  (in  diabetes) Loeb,  Mohr. 

ANTIKETOGENIC. 

Alanin Satta,  Borchardt,  Lange. 

Lactic  acid Satta,  Borchardt,  Lange. 

Aspargin Satta,  Borchardt,  Lange. 

Glutaric  acid Baer,  Blum. 

Glycerin Hirschfeld. 

Sugars,    saccharose,    glucose,    maltose, 

mannite   Hirschfeld. 

Alcohol Neuberg. 

NEGATIVE. 

GlycocoU,     glutaminic    acid,     glycolic 
acid,  acetic  acid Borchardt,  Lange,  Baer,  Blum. 

In  the  above  lists  it  is  evident  that  the  antiketogenic  substances  belong 
in  general  in  the  carbohydrate  class. 

Among  the  ketogenic  substances  are  fatty  acid  derivatives,  certain 
monamino-acids,  and  more  complex  protein  compounds.  The  behavior 
of  the  amino-acids  and  the  complex  protein  compounds  presents  some 
obscure  features.  While  pure  leucin  and  aminovaleric  acid*are  ketogenic, 
the  study  of  the  influence  of  protein  foods  containing  these  acids  shows 
that  such  foods  are  relatively  antiketogenic,  and  in  direct  proportion  to 
their  content  of  monamino-acids.  Borchardt  finds  that  protamin,  histon, 
egg  albumin,  pancreas  and  casein  contain  monaraino-acids  increasing  in 
the  order  named,  and  that  in  healthy  subjects  showing  acetonuria  from 
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carbohydrate-free  diet  protamin  markedly  increases  acetone,  while  casein 
reduces  it.  Likewise  Rosenthal  finds  that  meat,  casein,  egg  albumin, 
and  thymus,  added  to  rich  protein  diet,  all  increase  acetone,  but  the 
increase  is  least  with  casein  which  contains  the  highest  proportion  of 
monamino-acids.  It  is,  therefore,  necessary  to  suppose  that  proteins 
contain  antiketogenic  as  well  as  ketogenic  radicles. 

Certain  antiketogenic  radicles  of  proteins  are  not  difficult  to  trace, 
since  they  appear  in  the  carbohydrate  reactions  which  have  long  been 
recognized  and  are  divided  among  the  hexoses  and  pentoses,  etc.  In  egg 
albumin  Miiller  and  Seeman  estimate  that  20  per  cent,  of  the  carbon  is 
in  the  form  of  radicles  with  carbohydrate  tendencies. 

The  position  of  the  monamino-acids  in  this  respect  is  uncertain.  The 
fact  that  in  pure  form  leucin  is  ketogenic  shows  that  these  acids  act 
as  sources  of  acetone.  Yet  the  relatively  antiketogenic  influence  of  pro- 
teins rich  in  monamino-acids  indicates  that  in  their  natural  relations 
these  acids  tend  to  act  more  like  carbohydrates  and  reduce  acetone.  Pos- 
sibly in  different  conditions  they  may  turn  in  either  direction. 

The  following  table  from  Rosenthal  exhibits  these  general  relations, 
showing  that  the  higher  the  glycogen-producing  quality  and  the  content 
of  monamino-acids,  the  less  is  the  production  of  acetone. 

Ketogenic  Relations  of  Proteins  on  Rich  Protein  Diet — (Rosenthal). 

Protein                                                Glycogen  Monamino-aeid  N  Acetone 

substance.                             forming  capacity.  Kossel-Kutscher.  excretion. 

Meat    Abundant.                Rich.  899  mg. 

Casein 3.09     %                   63.70%  1113  mg. 

Egg  albumin  1.97     %                   60.40  %  1498  mg. 

Thymus    0.284%                    26.88%  1863  mg. 

In  diabetes  the  influence  of  these  proteins  will  depend  on  the  extent 
to  which  carbohydrate  combustion  is  lost.  Thus  Liithje  found  that  calf 
thymus,  poor  in  monamino-acids,  reduced  diabetic  acidosis,  while  casein, 
rich  in  these  acids,  usually  increased  the  acidosis.  Here  the  monamino- 
acids  appear  to  be  ketoplastic.  There  is,  therefore,  evidence  indicating 
that  leucin  acts  differently  in  diabetes  and  in  health,  and  that  its  be- 
havior when  given  in  pure  form  may  vary  from  that  observed  when  it  is 
administered  in  the  whole  protein. 

The  work  in  this  field  reaches  a  practical  bearing  in  the  choice  of 
protein  foods  which  may  inhibit  acidosis.  It  is  well  known  that  the 
various  proteins,  especially  those  of  vegetable  origin,  differ  enormously  in 
their  content  of  monamino-acids.  Quantitative  analytic  methods  for  this 
work  are  not  yet  fully  available,  but  the  contributions  of  Fischer,  Miiller, 
'Hausmann,  Kossel,  Abderhalden,  Osborne  and  Barker  reveal  from  this 
standpoint  a  new  outlook  for  rational  dietetics.     It  is  known  that  the 
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common  meats  do  not  differ  greatly  in  monamino-acids,  which  constitute 
60  to  66  per  cent,  of  these  proteids,  but  in  thymus  the  proportion  is  below 
50  per  cent. 

The  demonstration  that  proteins  contain  abundance  of  acetone-for- 
mers does  not  assure  that  they  figure  prominently  as  a  source  of  acetone 
in  disease.  Their  relation  to  the  different  forms  of  acidosis  has  to  be 
determined  by  direct  observation,  and  the  present  tendency  is  to  attribute 
to  proteins  a  very  subordinate  rdle  as  sources  of  acetone;  but  the  recent 
studies  in  protein  chemistry  have  reopened  the  whole  question,  which 
seemed  at  one  time  practically  settled  in  favor  of  the  fats. 

Belation  of  Acetone  Compounds  to  Ammonia. 

According  to  the  theory  of  acid  intoxication,  increased  excretion  of 
acetone  compounds  should  be  accompanied  by  increased  excretion  of 
ammonia.  In  the  majority  of  cases  of  acidosis,  especially  in  diabetes, 
this  relation  holds  and  the  ammonia  excretion  has  come  to  be  regarded 
as  the  measure  of  acidosis.  Yet  the  exceptions  to  the  rule  are  so  numer- 
ous and  striking  as  to  raise  grave  doubts  regarding  a  necessary  relation 
between  ammonia  and  acetone  compounds  and  acidosis  in  general. 

Limbeck  has  shown  that  excessive  doses  of  alkalies  do  not  remove 
all  ammonia  from  the  urine,  which  must  have  other  functions  than  the 
neutralization  of  acids.  In  many  cases  of  diabetes  and  other  diseases 
associated  with  acidosis,  ammonia  excretion  is  considerable  while  acetone 
compounds  are  scanty  or  absent.  In  acidosis  the  ammonia  bears  relation 
not  only  only  to  the  organic  acid  excretion,  but  also  to  the  total  nitrogen 
excreted,  so  that  in  any  attempt  to  estimate  acidosis  from  ammonia  it 
becomes  necessary  to  consider  not  only  the  absolute  quantity  but  also 
the  percentage  of  nitrogen  excreted  as  ammonia. 

Satta  has  considered  in  detail  the  relation  between  ammonia  and 
acetone  compounds  in  healthy  subjects  on  carbohydrate-free  diet.  On 
feeding  glycerin  or  fats  under  such  conditions  the  ammonia-acetone  com- 
pound ratio  varied  excessively,  the  acetone  compounds  rising  far  out  of 
proportion  to  the  ammonia  and  the  ratio  falling.  An  influence  of  exces- 
sive inorganic  acids  in  the  food  was  eliminated,  since  these  remained  con- 
stant. The  increase  of  ammonia  occurred  on  the  first  day  of  the  experi- 
ment, although  the  blood  contains  alkali  capable  of  neutralizing  80  gm. 
of  beta-oxybutyric  acid.  In  diabetes,  20  gm.  of  sodium  bicarbonate  failed 
greatly  to  influence  the  ammonia  or  the  acetone  compounds,  although 
the  amount  of  alkali  given  was  suflBcient  to  neutralize  more  than  the  total 
quantity  of  acetone  compounds. 
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AMMONIA 

:    ACETONE  COMPOUNDS  RATIO.     SATTA. 

Acetone 

cmpds.  as        NlPrace- 

Urine,  c.c. 

S.G. 

N. 

NH*.    oxybut.  acid,    tone  cmpds. 

Diet. 

2290 

1.010 

14.4 

0.856              0.95                .90:1 

Meat. 

1930 

1.010 

10.8 

1.42                 1.91                 .74:1 

Meat. 

1660 

1.015 

10.9 

2.51                8.73                .28:1 

Meat. 

2150 

1.011 

10.7 

3.40                20.0                .17:1 

Meat. 

In  a  second  case  of  diabetes  40  gm.  of  sodium  bicarbonate  reduced 
the  acetone  compounds  to  a  trace,  although  2.64  gm.  of  ammonia  (==  1 3.2 
gm.  beta-oxybutyric  acid)  were  excreted. 

Allard  also  has  emphasized  the  very  loose  relation  existing  between 
NHj  and  beta-oxybutyric  acid  in  diabetes  when  the  hourly  variations  are 
followed,  observing  that  on  meat-fat  diet  the  ammonia  does  not  follow 
the  variations  in  acetone  compounds,  while  on  hunger  days  the  ammonia 
rises,  although  the  acetone  compounds  diminish.  The  influence  of  the 
alkalies  of  the  food  may  in  part  explain  these  discrepancies. 

HOURLY  EXCRETION  OP  ACETONE   COMPOUNDS   AND  AMMONIA   IN  SEVERE 
DIABETES,  ON  MEAT-FAT   DIET.      ALLARD. 

Hence  Satta  concludes  that  the  ammonia  formation  in  acidosis  is 
largely  the  result  of  a  specific  disorder  of  nitrogenous  metabolism  and 
is  not  merely  concerned  with  neutralization  of  acids.  While  regarding 
the  ammonia  as  an  index  of  the  disturbed  nitrogenous  metabolism,  he 
would  consider  the  acetone  compounds  as  a  measure  chiefly  or  exclu- 
sively of  disturbed  fat  metabolism.  An  uncertain  element  in  these  deduc- 
tions is  the  possible  presence  of  acids  not  considered  in  the  computations. 
The  ammonia  excretion  in  other  forms  of  acidosis  bears  on  this  question 
and  will  be  considered  later.  Here  it  may  only  be  suggested  that  the  esti- 
mation of  acidosis  by  ammonia  excretion  is  an  indirect  and  often  very 
unreliable  measure  of  acidosis  and  is  an  especially  uncertain  index  of 
any  particular  type  of  acidosis. 

Intestinal  Origin  of  Acetonuria. 
The  whole  subject  of  the  exact  sources  of  acetone  would  lose  much 
interest  if  it  should  transpire  that  any  considerable  degree  of  acetonuria 
is  of  intestinal  origin.  This  was,  indeed,  one  of  the  earliest  interpreta- 
tions of  acetonuria,  being  introduced  by  Lorenz  in  1891,  and  being  once 
widely  accepted  as  the  probable  explanation  of  many  toxic  symptoms  ac- 
companying gastrointestinal  disorders.  Against  the  intestinal  origin  of 
the  acetone  compounds  in  gastrointestinal  diseases  stood  the  prominent 
fact  that  the  patients  were  usually  imperfectly  nourished,  and  Wald- 
vogel  has  clearly  emphasized  the  importance  of  starvation  and  burning 
of  body  fats  in  these  cases.     Moreover,  the  direct  examination  of  the 
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stools  failed  as  a  rule  to  show  a  sufficient  depot  for  the  urinary  acetone. 
Yet  Miiller  reports  the  presence  in  Cetti^s  stools  of  1.21,  0.57,  1.14  gm. 
of  fat,  one-half  neutral  fats  and  cholesterin,  the  other  half  free  fatty 
acids  and  soaps.  In  Nebelthau's  case,  with  24  to  43  mg.  acetone  in  the 
daily  urine,  the  feces  (108  gm.  dry)  contained  0.103  gm.  of  acetone.  In 
addition  to  the  element  of  starvation,  Satta  considers  the  influence  of 
absorbed  toxic  substances  to  be  of  considerable  importance  in  this  form 
of  acetonuria. 


Total  acetone  compounds. 
Beta-oxybutyric  acid. 
Ammonia  nitrogen. 
Acetone. 


The  prompt  antiketogenic  action  of  carbohydrates  has  been  consid- 
ered as  favoring  the  intestinal  origin  of  acetone,  but  this  rapid  influence 
is  undoubtedly  connected  with  the  easy  absorption  of  many  carbohy- 
drates, likewise,  the  failure  of  sugars,  when  introduced  by  rectum,  to 
influence  acidosis  has  been  set  aside  by  Satta,  who  finds  that  sugars  ad- 
ministered by  rectum  are  antiketogenic  if  given  in  considerable  doses  and 
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properly  absorbed.  Definitely  against  the  theory  of  intestinal  origin  of 
acetone  is  the  fact  that  cathartics  and  intestinal  antiseptics,  such  as 
benzol  and  salol,  frequently  fail  to  influence  acidosis  or  may  even  increase 
it.  In  diabetic  coma  Magnus-Levy  and  Geelmuyden  found  less  acetone 
proportionally  in  the  intestine  than  in  the  organs.  In  diabetes,  as  in 
cyclic  vomiting  of  children,  the  acetone  in  the  stools  and  occasionally  in 
the  vomitns  is  most  probably  an  evidence  of  excretion  by  these  channels. 

If  acetone  is  derived  from  decomposition  of  protein  food,  then  it 
should  run  parallel  with  sulphur  excretion.  Yet  no  such  parallel  but 
rather  the  opposite  relations  appears  in  the  observations  of  Cetti. 

In  starvation  acetone  increases  steadily  during  the  first  week  while 
the  intestinal  contents  diminish:  the  intestinal  canal  does  not  contain 
enough  protein  in  starvation  to  yield  10  gm.  beta-oxybutyric  acid,  the 
amount  excreted  by  Cetti,  while  an  origin  from  intestinal  fat  is  excluded 
by  the  scanty  content  of  the  stools  in  fats. 

Finally,  the  enormous  amounts  of  acetone  compounds  in  diabetes  on 
fasting  days  seem  to  exclude  an  intestinal  origin  and  point  to  processes 
of  internal  metabolism  as  the  sole  source  of  the  compounds.  Hence, 
with  the  increasing  knowledge  of  the  factors  influencing  acidosis,  the 
theory  of  intestinal  absorption  has  steadily  lost  ground,  and  is  to-day 
quite  generally  abandoned. 

Toxicity  of  Acetone  Compounds. 

The  foregoing  review  of  the  sources  and  relations  of  the  acetone  com- 
pounds warrants  the  conclusion  (now  generally  accepted)  that  these 
substances  result  chiefly  from  the  incomplete  and  probably  abnormal 
burning  of  fats  induced  by  the  absence  of  carbohydrates.  The  sugar- 
hungry  cell — to  use  the  apt  expression  of  Lusk — turns  to  the  fats  for 
energy  and  secures  it  at  the  expense  of  a  disordered  and  incomplete  oxi- 
dation. In  diabetes  probably  a  considerable  proportion  of  the  acetone 
compounds  come  from  the  deamidized  fatty  radicles  of  the  protein  mole- 
cule, but  in  other  conditions  important  protein  sources  of  acetone  have 
not  been  demonstrated. 

Having  traced  the  origin  of  the  acetone  compounds,  the  important 
question  of  their  physiologic  action  remains  to  be  considered.  Are  there 
reasons  for  supposing  that  the  acetone  compounds  are  directly  toxic  and 
can  the  symptoms  associated  with  acetonuria  be  referred  to  the  direct 
toxicity  of  these  substances  ? 

It  was  von  Jaksch's  opinion  in  1885  that  acetonemia  was  the  direct 
cause  of  a  great  variety  of  s.ymptoms  associated  with  acetonuria,  but 
numerous  studies  of  the  toxicity  of  acetone  before  that  time,  especially 
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those  of  Kussmaul..  and  many  subsequent  reports  have  succeeded  in  show- 
ing that  acetone  acts  much  like  alcohol  or  chloroform,  occupying  an 
intennediate  position  between  these  two  narcotics;  that  it  is  incapable 
of  inducing  the  nervous  symptoms  of  fever,  gastroenteritis,  carcinoma, 
psychoses,  or  of  other  conditions  marked  by  acetonuria ;  that  it  is  quite 
incapable  of  producing  the  symptoms  of  diabetic  coma,  and  that  the 
doses  required  to  produce  symptoms  in  man  or  experimental  animals  ex- 
ceed the  amounts  excreted  even  in  diabetics.  Twenty  grams,  or  0.08  gm. 
per  kilo  (Eohrig),  produce  only  transient  somnolence  in  man,  while  0.2 
gm.  per  kilo  causes  only  mild  intoxication.  In  dogs  Schwarz  caused  seven 
intoxication  with  15.3  gm.  by  mouth.  Dreschfeld  observed  no  symptoms 
after  taking  20  gm.  of  acetone,  or  after  giving  moderate  doses  to  dia- 
betics, but  five  or  six  injections  of  10  minims  of  acetone  in  rabbits  pro- 
duced coma,  slow  breathing,  convulsions  and  albuminuria.  He  concluded 
that  acetone  is  non-toxic  to  healthy  animals,  but  in  disease  when  excre- 
tion was  diminished  he  thought  it  might  be  responsible  for  serious  symp- 
toms, even  those  of  diabetic  coma.  Yet  the  symptoms  he  produced  were 
not  those  of  diabetic  coma,  while  the  doses  employed  were  far  larger  than 
occur  in  diabetes. 

I  have  given  acetone  to  healthy  rabbits  subcutaneously,  6  gm.  daily, 
for  three  to  five  days,  causing  dulnese  and  drowsiness,  with  slight  albu- 
minuria and  acetonuria.  After  twelve  days  death  occurred  in  one  in- 
stance with  emaciation  and  drowsiness  but  without  coma  and  without 
fatty  changes  in  the  liver  or  kidneys.  The  urine  was  always  alkaline, 
with  slight  acetone,  and  a  very  heavy  precipitate  of  carbonates. 

With  the  idea  that  acetone  might  prove  more  toxic  in  animals  with 
fatty  liver,  I  anesthetized  a  white  rabbit  very  deeply  with  chloroform  for 
thirty-five  minutes,  and  on  the  following  day  three  times  for  periods 
amounting  to  forty-five  minutes  in  all.  The  animal  recovered  with  great 
diflBculty.  On  the  following  day  2  gm.  of  acetone  at  one  injection  failed 
to  produce  any  symptoms  except  marked  acetonuria,  and  4  mg.  daily  on 
successive  days  were  also  without  effect. 

Negative  results  from  the  injection  of  acetone  compounds  in  healthy 
subjects  or  even  in  diseased  animals  may  be  inadequate  to  decide  its  ac- 
tion when  spontaneously  arising  in  the  course  of  the  disease,  but  the  futil- 
ity of  attempting  to  refer  diabetic  coma  to  this  agent  has  been  generally 
admitted.  Its  possible  relation  to  milder  symptoms  in  various  diseases 
must  be  determined  by  future  studies.  At  present  its  behavior  in  disease, 
the  lack  of  relation  to  the  severity  of  the  process,  its  absence  in  many 
cases  which  Aow  characteristic  symptoms,  and  abundance  in  other  cases 
free  from  signs  of  intoxication,  do  not  favor  the  belief  that  it  is  a  prom- 
inent factor  in  any  symptom-complex  in  man. 
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With  aceto-acetic  acid  very  conflicting  results  have  been  reported. 
Von  Prerichs,  von  Jaksch,  Albertoni,  and  Dreschfeld  found  it  non-toxic 
in  man,  even  in  excessive  doses. 

The  optically  inactive  beta-bxybutyric  acid  has  been  tested  by  a  large 
munber  of  observers,  especially  by  Sternberg  in  large  doses,  10  to  12  gm., 
in  healthy  men  and  animals,  and  in  diabetics,  with  nearly  uniform 
failure  to  produce  symptoms  of  intoxication,  although  the  acid  is  a 
decided  local  caustic.  With  the  optically  active  acid  from  diabetic  urine 
Minkowski  and  Schwarz  failed  to  detect  toxic  symptoms  in  normal  or 
diabetic  dogs.  Waldvogel  was  able  to  introduce  2.2  gm.  of  the  acid  intra- 
venously in  the  phloridzin-poisoned  rabbits  without  symptoms,  although 
much  smaller  doses  twice  proved  fatal.  Subcutaneously  1.1  gm.  caused 
hemorrhagic  nephritis  and  death  in  two  days.  Herter,  by  slowly  infusing 
into  the  femoral  vein  of  monkeys  large  amounts  of  a  4  to  5  per  centl 
solution  of  beta-oxybutyric  acid  in  normal  salt,  produced  narcosis,  but 
he  was  uncertain  as  to  the  exact  significance  of  this  experiment. 

More  recently  Wilbur  infused  rabbits  at  the  rate  of  4  c.c.  per  minute 
with  N/10  sulphuric  acid,  acetic  acid  2  per  cent.,  lactic  acid  5  per  cent., 
and  beta-oxybutyric  acid  5  per  cent.,  producing  with  all  characteristic 
symptoms  of  fatal  acid  poisoning.  The  fatal  dose  with  each  acid  was 
uniform,  the  sulphuric  acid  being  five  times  as  active  as^  beta-oxybutyric 
acid,  of  which  0.03152  c.c.  of  5  per  cent,  solution  per  gram  of  body  weight 
was  fatal.  Of  sodium  beta-oxybutyrate  0.116  c.c.  of  5  per  cent,  solution 
per  gram  of  body  weight  was  fatal.  After  giving  75  c.c.  of  sodium  salt, 
24  c.c.  of  5  per  cent,  free  beta-oxybutyric  acid  was  given,  causing  convul- 
sions and  death.  Even  5  c.c.  of  the  acid  after  the  usual  dose  of  sodium 
salt  was  very  toxic.  Wilbur,  therefore,  concludes  that  the  salts  of  beta- 
oxybutyric  acid  are  toxic,  and  that  in  diabetes  the  action  of  this  acid  is 
not  all  due  to  its  acid  properties. 

Reference  may  again  be  made  to  the  experiments  of  Harley,  who 
produced  in  dogs  coma  like  that  of  diabetes  by  ligating  the  ureters  and 
injecting  8  to  12  gm.  of  glucose  per  kilo.  The  glucose  disappeared  from 
the  blood  in  four  to  six  hours  and  at  the  same  time  coma  developed  and 
deepened  as  the  glucose  diminished,  while  the  blood  alkalescence  and 
carbon  dioxid  decreased  and  lactic  acid  increased  from  0.09  per  cent,  to 
0.134  per  cent.    The  symptoms  were  referred  to  acid  products  of  glucose. 

Sternberg  produced  in  dogs  a  condition  resembling  diabetic  coma  by 
infusions  of  aminobutyric  acid,  but  this  substance  is  probably  not  a 
natural  product  of  intermediary  metabolism. 

Familiar  objections  meet  all  these  attempts  to  duplicate  diabetic  coma 
experimentally.    It  is  generally  recognized  that  the  rapid  introduction  of 
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large  quantities  of  acids  into  the  blood  is  too  crude  and  the  factors  in- 
volved are  too  complex  to  render  the  experiment  convincing.  Observa- 
tions on  the  occurrence  of  beta-oxybutyric  acid  in  disease  have  far  more 
decisive  value,  and  when  40  gm.  of  this  acid  may  be  excreted  in  one  day 
in  a  case  of  syringomyelia  on  a  meat  diet,  without  symptoms  of  intoxica- 
tion, it  is  difficult  to  maintain  that  this  acid  exerts  any  immediate  toxic 
action  (Qerhardt,  Schlesinger) . 

As  an  indirect  effect  of  the  long-continued  excretion  of  acetone  com- 
pounds must  be  considered  the  nephritis  which  most  observers  describe 
among  the  results  of  poisoning  by  acetone  and  oxybutyric  acid.  Ebstein 
and  Kulz  called  attention  to  the  appearance  of  very  numerous  small 
hyaline  and  granular  casts  in  diabetic  coma,  and  Waldvogel  and  others 
regard  the  appearance  of  such  casts  as  a  sign  of  excessive  excretion  of 
acids,  since  they  have  been  found  to  disappear  on  feeding  carbohydrates. 
In  the  experiments  with  hydrochloric  acid,  oxybutyric  acid  and  acetone, 
albuminuria,  casts  and  nephritis  are  nearly  always  noted.  In  clinical 
experience  also  long-continued  acidosis  is  often  followed  by  nephritis, 
especially  in  the  toxemia  of  pregnancy,  while  nephritis  is  neariy  constant 
in  the  terminal  stages  of  prolonged  diabetes.  Many  considerations  of 
this  character  suggest  that  the  acetone  compounds,  in  addition  to  their 
acid  action,  are  indirectly  toxic  through  injury  to  the  renal  cells  and  the 
production  of  a  progressive  nephritis. 

Eelation  of  Acetone  Compounds  to  Oxidation. 

A  great  mass  of  evidence,  clinical,  pathologic  and  chemical,  as  well 
as  prevailing  opinion,  points  to  deficient  oxidation  as  concerned  in  the 
formation  of  acetone  compounds.  Clinically  the  diseases  accompanied  by 
acidosis  are  marked  by  excessive  consumption  or  by  deficient  supply  of 
oxygen,  often  by  striking  disturbance  of  respiration  and  by  deficient  gen- 
eral vitality,  but  it  must  be  admitted  that  such  points  of  view  offer  very 
uncertain  data.  The  main  basis  of  the  theory  of  suboxidation  is  found 
in  the  general  pathologic  relations  of  fatty  degeneration,  which  have  been 
fully  stated  by  Klebs  and  many  others,  and  the  evidence  from  these 
sources  is  rather  comprehensive  and  consistent,  but  the  further  one  pur- 
sues this  theory  in  the  analysis  of  familiar  pathologic  processes  the  less 
adequate  it  appears.  It  is  true  that  in  a  moribund  patient  oxidation  is 
less  active  than  in  health,  but  the  statement  of  this  fact  does  not  add  much 
to  the  conception  of  lethal  diseases.  That  oxidation  in  many  conditions 
does  not  proceed  with  normal  vigor  is  undeniable,  but  that  any  definite 
pathologic  process  consists  essentially  in  a  low  grade  of  oxidation  appears 
still  to  require  demonstration.    As  Speck  concludes  from  a  review  of  the 
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chemical  reactions  concerned  in  metabolism,  life  does  not  involve  simply 
oxidative  processes. 

According  to  Nasse,  the  metabolism  of  carbohydrates  activates  oxygen 
in  the  body  and  thereby  furthers  the  oxidation  of  fatty  acids  to  their 
normal  end  products.  Yet  it  is  difficult  to  see  how  the  katabolism  of  glu- 
cose can  liberate  any  free  oxygen.  The  study  of  intoxication  acidoses  by 
Winterstein  and  Boeri  led  them  to  conclude  that  the  assimilation  of 
oxygen  was  interfered  with  by  the  poisons.  Yet  Lusk  has  shown  that  in 
phosphorus  poisoning  the  interchange  of  oxygen  by  respiration  is  equal 
10  that  in  health.  After  extirpation  of  the  liver  urea  fails  to  be  formed, 
but  whether  the  defect  is  one  of  oxidation,  hydrolysis,  or  dehydration,  is 
not  known,  while  the  absence  of  specific  ferments  normally  supplied  by 
the  liver  explains  the  condition  much  more  adequately  than  does  the 
absence  of  any  one  chemical  reaction.  In  diabetes  there  is  a  failure  of 
certain  processes  in  which  oxidation  is  concerned,  as  the  burning  of  fatty 
acids.  Yet  we  do  not  speak  of  diabetes  as  a  form  of  suboxidation  but 
emphasize  rather  the  absence  of  specific  ferments  which  call  into  play 
other  chemical  processes  as  well  as  oxidation.  Hence  the  ready  resort  to 
the  phrase  "suboxidation"  in  the  theory  of  diseases  of  metabolism  is  in- 
accurate and  misleading. 

The  extent  to  which  oxidation  figures  in  the  physiologic  chemistry  of 
acidosis  may  be  determined  by  the  character  of  the  reactions  involved  in 
the  formation  and  katabolism  of  the  acetone  compounds.  Here  it  is  evi- 
dent that  oxidation,  dehydration  and  hydrolysis  are  variously  combined. 
In  the  formation  of  diacetic  from  oxybutyric  acid  one  may  assume  that 
either  the  enol  or  the  ketol  form  of  diacetic  acid  is  produced.  In  either 
case  both  dehydration  and  oxidation  are  combined. 
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With  keto-diacetic  acid  dehydration  of  beta-oxybutyric  and  oxidation 
through  crotonic  acid  are  necessary.  In  the  case  of  enol-diacetic  acid 
dehydration  and  oxidation  with  formation  of  three  molecules  of  water 
are  involved. 
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Diacetic  acid  is  transformed  into  acetone  by  direct  hydrolysis. 
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It  is  possible,  however,  that  diacetic  acid  is  directly  broken  up  by 
hydrolvsis  into  two  molecules  of  acetic  acid  and  subsequently  hydrolvzed. 
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Hence  oxidation  and  hydrolysis  are  both  involved  even  in  the  simpler 
final  steps  of  formation  of  acetone  compounds.  The  possibility  of  the 
synthetic  origin  of  beta-oxybutyric  acid  has  been  discussed  by  several 
writers  without  definite  conclusions.  When  one  turns  to  the  field  of  the 
earlier  cleavage  processes  in  the  formation  of  lower  fatty  acids  from  fats 
and  proteins  the  relation  of  oxidation  and  hydrolysis  becomes  even  less 
certain.  From  the  general  chemical  standpoint  Folin  expresses  the 
opinion  that  the  relative  importance  of  oxidation  and  hydrolysis  in  the 
production  of  beta-oxybutyric  acid  is  still  undetermined. 

Dakin's  experiments  in  the  treatment  of  fatty  acids  with  peroxid  of 
hydrogen  compel  the  conclusion  that  one  essential  factor  in  his  conversion 
of  these  acids  into  acetone  compounds,  etc.,  is  oxidation,  but  hydrolysis 
is  also  concerned. 

Confirmatory  evidence  that  certain  definite  oxidative  processes  in  the 
body  are  deficient  in  some  diseases  accompanied  by  acidosis  is  furnished 
by  the  studies  of  Richards  and  Howland  on  cyclic  vomiting  of  children, 
and  of  Bichards  and  Wallace  on  the  influence  of  cyanid  on  metabolism, 
which  show  that  in  this  form  of  acidosis  neutral  sulphur  is  notably  in- 
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creased.    In  the  ease  of  the  sulphur,  at  least,  there  can  be  no  doubt  that 
a  process  of  oxidation  is  involved. 

It  is  impossible  here  to  enter  further  into  the  complex  ramifications 
of  the  subject  of  the  general  significance  of  oxidative  processes  in  the 
body.  It  must  suflSce  to  point  out  that  in  acidosis,  while  deficient  oxida- 
tion is  an  essential  element,  it  is  only  one  of  several  factors  involved. 

Physiology  op  liACTio  Acid. 
CH3 

Although  lactic  acid  CHOH  is  chemically  a  fatty  acid,  it  is  much 
COOH 
more  closely  connected  with  the  carbohydrates  and  proteins  than  with 
the  fats,  from  which,  however,  Dakin  obtained  it  by  warming  higher 
fatty  acids  with  hydrogen  peroxid.  It  is  produced  chiefly  in  the  muscles, 
probably  from  carbohydrates  (glycogen,  glucose),  and  is  either  burned  in 
the  muscles  or  carried  to  the  liver  for  combustion.  In  phloridzinized 
dogs  70  per  cent,  of  ingested  lactic  acid  may  be  s}Tithesized  to  glucose. 
Lactic  acid  may  also  be  derived  from  glucose  by  the  action  of  a  ferment 
contained  in  animal  tissue  (Stocklasa).  Embden  obtained  much  lactic 
acid  by  perfusing  blood  through  a  liver  containing  glycogen,  but  less 
when  the  liver  was  free  from  glycogen.  Hence,  Mandel  and  Lusk  point 
out  that  a  series  of  transformations  exists — ^lactic  acid,  glucose,  glycogen, 
glucose,  lactic  acid. 

In  herbivora  lactic  acid  readily  appears  in  the  blood  and  urine  in 
large  amounts.  After  extirpation  of  the  liver  in  geese,  Minkowski  found 
3.5  gm.  in  the  urine  of  the  eighteen  hours  during  which  the  animal 
survived  the  operation;  it  was  combined  with  ammonia,  with  which  it 
replaced  the  bulk  of  uric  acid.  Here  it  resulted  from  the  loss  of  synthetic 
function  of  the  liver.  In  this  case  the  lactic  acid  must  have  been  derived 
from  proteins  since  it  was  proportional  to  the  nitrogen  excretion  and 
was  not  increased  by  giving  carbohydrates.  Protein  derivatives,  like 
alanin  and  leucin,  are  readily  convertible  into  lactic  acid  by  hydrolysis. 

In  rabbits  ^vith  strychnin  tetanus  it  is  abundant  in  the  urine,  greatly 
reduces  the  carbon  dioxid  content  and  titratable  alkali  of  the  blood,  and 
leads  to  an  extreme  acidosis  (Araki).  Here  it  is  a  product  of  excessive 
muscular  activit}',  while  the  deficient  oxidation  which  results  from  the 
great  dyspnea  of  strychnin  poisoning  permits  it  to  escape  oxidation  and 
appear  in  the  urine.  Similar  results  appear  in  man  after  epileptic  con- 
vulsions and  in  soldiers  after  exhausting  marches  (Inouye,  Saiki).  Yet 
camivora  bum  lactic  acid  much  more  actively  than  herbivora  and  also 
enjoy  the  sources  of  ammonia  as  a  protective  mechanism,  and  it  is  doubt- 
ful if  any  dangerous  grades  of  acidosis  from  lactic  acid  occur  in  man. 
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Kraus  has  pointed  out  that  those  conditions  in  which  beta-oxybikyric 
acid  is  prominent  fail  to  show  much  lactic  acid.  This  fact  is  partly 
owing  to  the  difference  in  the  sources  of  lactic  acid  and  of  the  acetone 
compounds.  Lactic  acid  also  has  a  pronounced  antiketogenic  influence. 
There  is,  therefore,  a  definite  chemical,  physiologic,  and  clinical  antag- 
onism between  these  two  forms  of  acidosis,  and  this  principle  I  believe 
may  furnish  a  basis  for  the  classification  of  ddseases  associated  with 
acidosis. 

The  mechanism  concerned  in  the  production  of  lactic  acid  and  its 
appearance  in  the  blood  and  urine  is  probably  a  special  form  of  defective 
oxidation.  According  to  Hoppe-Seyler  all  tissues  containing  glycogen  or 
glucose  produce  lactic  acid  when  imperfectly  supplied  with  oxygen. 
Araki  in  a  series  of  experiments  has  endeavored  to  establish  this  principle 
in  the  production  of  lactic  acid.  By  slow  partial  asphyxia,  poisoning  by 
carbon  monoxid,  curare,  strychnin,  morphin,  amyl  nitrite,  phosphorus, 
and  arsenic,  he  has  found  moderate  or  large  amounts  of  lactic  acid  in  the 
blood  and  urine,  often  with  glycosuria,  and  has  traced  the  influence  of 
deficient  supply  of  oxygen  in  these  conditions. 

Whether  quantitative  deficiency  or  the  inability  of  the  cells  to  ap- 
propriate the  oxygen  is  the  essential  factor  is  uncertain. 

In  hydrocyanic  acid  poisoning  oxygen  is  in  excess,  but  the  cells  can 
not  appropriate  it  (Geppert).  After  extirpation  of  the  liver  it  would 
appear  that  special  ferments  or  other  factors  must  be  deficient. 

In  phosphorus  poisoning  the  classical  type  of  defective  oxidation  is 
believed  to  exist.  Lusk  has  shown  that  in  phosphorus  poisoning  in  dogs 
the  interchange  of  oxygen  by  respiration  is  normal,  but  it  is  still  possible 
to  suppose  that  while  the  respiratory  currents  are  normal  part  of  the 
oxygen  is  diverted  from  normal  oxidative  functions  to  an  excess  of  in- 
termediary processes  of  metabolism  so  that  some  oxidative  processes  are 
not  carried  to  completion. 

Although  in  dogs  with  Eck  fistulas  the  ammonia  seems  to  be  an  im- 
mediate result  of  the  loss  of  urea-forming  function  of  the  liver,  in 
phosphorus  poisoning  the  ammonia  appears  to  be  somewhat  dependent 
on  the  presence  of  lactic  acid.  Ray,  McDermott  and  Lusk,  by  adminis- 
tering phloridzin  to  phosphorus-poisoned  dogs,  caused  both  the  ammonia 
excess  and  the  lactic  acid  to  disappear  simultaneously.  Now  the  effect 
of  the  phloridzin  is  merely  to  prevent  the  formation  of  lactic  acid,  in 
the  absence  of  which  acid  there  would  be  no  need  of  ammonia.  Hence, 
the  disappearance  of  ammonia  after  phloridzin  poisoning  would  seem 
to  indicate  that  the  ammonia  was  not  the  direct  result  of  injury  to  the 
liver,  but  was  only  a  protective  agent  against  the  lactic  acid.    Yet  it 
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appears  possible  that  phloridzin  raay  also  inliibit  desamidatlon  and  thus 
diminisli  the  ammonia.  In  either  case  the  lactic  acid  and  ammonia 
signify  defective  action  of  the  liver,  in  the  first  instance  from  the  lack 
of  nrea  formation,  in  the  second  from  failure  to  bum  lactic  acid,  both 
of  which  functions  the  normal  liver  accomplishes. 

Lactic  acid  appears  to  exert  a  controlling  influence  over  fatty  in- 
filtration of  the  tissues.  Eosenfeld  finds  that  there  is  a  physiologic 
antagonism  between  glycogen  and  fat  deposit  in  the  liver.  When  this 
organ  has  abundance  of  glycogen  at  command  visible  fat  is  not  present, 
but  when  glycogen  is  lacking  it  must  have  fat  for  the  supply  of  heat,  and 
drawing  it  from  the  fat  depots,  visible  fat  appears  in  the  liver  cells. 

In  fasting  phloridzinized  dogs  acidosis  begins  only  after  the  liver  has 
consumed  its  glycogen  and  has  begun  to  burn  fats  and  proteins. 

When  lactic  acid  appears  in  the  urine  it  is  a  sign  that  glycogen  is  not 
(completely  burned.  Under  such  conditions  fatty  changes  in  the  liver  are 
very  constant.  According  to  Lusk  the  "sugar-hungry"  cell  attracts  fat  in 
larger  quantity  than  can  be  burned,  so  that  a  deposit  of  fat  occurs  in  the 
cell.  Hoppe-Seyler  and  Araki  find  that  diminished  oxygen  supply  re- 
sults in  the  appearance  of  lactic  acid.  For  this  reason,  therefore,  lack 
of  oxidation  must  result  in  fatty  degeneration. 

In  diseases  terminating  in  prolonged  dyspnea  fatty  degeneration  of 
the  centers  of  liver  lobules  may  or  may  not  occur.  It  would  be  interest- 
ing to  trace  the  relation  of  lactic  acid  in  such  cases.  In  fact,  association 
of  lactic  acid  in  the  urine  with  extensive  fatty  degeneration  of  the  organs 
in  many  diseases  deserves  more  thorough  study.  In  diabetic  dogs  fatty 
liver  and  lactic  acid  in  the  urine  are  usually  observed  (Lusk),  but  in 
human  diabetes  fatty  liver  is  rare,  and  Magnus-Levy  believes  that  in 
this  disease  lactic  acid  occurs  in  negligible  quantity.  The  reason  for  this 
difference,  if  it  exists,  may  perhaps  be  found  in  the  fact  that  dogs  are 
less  accustomed  to  burn  carbohydrates  in  the  food  and  may  more  readily 
lose  all  capacity  to  do  so.  Throughout  the  clinical  forms  of  acidosis  lactic 
acid  and  fatty  degeneration  are  always  associated. 

Summary. 

Having  sketched  in  some  detail  the  form  and  sources  of  our  knowledge 
of  the  substances  concerned  in  acidosis,  it  remains  to  emphasize  in  sum- 
mary the  main  results  in  this  field. 

1.  While  all  classes  of  foodstuffs  yield  acetone  compounds  in  the  test- 
tube,  yet  in  the  body  these  compounds  are  derived  mainly  from  the  fat 
tissues  and  to  a  less  extent  from  the  food.  In  diabetes,  however,  the 
proteins  contribute  directly  or  indirectly  to  the  formation  of  acetone 
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compounds.    To  what  extent  the  proteins  are  drawn  on  in  other  condi- 
tions remains  uncertain. 

2.  The  complete  combustion  of  fats  requires  the  simultaneous  katab- 
olism  of  carbohydrates,  in  the  absence  of  which  there  is  a  defective  and 
possibly  abnormal  course  of  fat  combustion  lodging  in  the  acetone  com- 
pounds. In  all  known  conditions,  even  in  diabetes,  the  metabolism  of 
carbohydrates  occupies  a  controlling  position  in  this  form  of  acidosis. 

3.  Oxidation  of  straight-chain  fatty  acids  occurs  at  the  beta-carbon 
atom,  so  that  such  acids  with  an  even  number  and  at  least  four  carbon 
atoms  may  yield  beta-oxybutyric  acid.  Oxidation  of  pure  fatty  acids  in 
the  test-tube  may  occur  at  the  alpha-carbon  atom,  with  avoidance  of 
acetone  compounds,  but  whether  this  course  may  be  followed  in  metab- 
olism is  uncertain.  From  branched  fatty  acids  a  methyl  group  may  be 
replaced  by  hydroxyl,  and  in  amino-acids  oxidation  occurs  at  any  carbon 
atom  holding  an  amino  group,  both  of  which  processes  may  yield  beta- 
oxybutyric  acid. 

Knoop's  work  and  the  ready  destruction  of  oxybutyric  acid  in  healthy 
men  indicate  that  this  acid  is  a  normal  product  of  metabolism. 

4.  The  urinary  ammonia  is  influenced  by  the  total  nitrogen  excretion, 
by  the  presence  of  fatty  acid  derivatives,  by  lactic  acid,  possibly  by  in- 
organic acids,  and  notably  by  defective  synthetic  functions  of  the  liver. 
It  bears  rather  loose  relation  to  the  acetone  compounds,  and,  being  an 
indirect  measure  of  the  presence  of  acids,  can  not  replace  their  direct 
estimation. 

5.  The  grounds  are  still  inadequate  to  support  the  view  that  acetone 
compounds,  as  they  arise  in  the  body,  exert  any  notable  direct  toxic 
action. 

6.  Oxidation  and  hydrolysis  are  both  concerned  in  the  formation  of 
acetone  compounds. 

7.  Lactic  acid  is  a  product  of  disordered  or  defective  katabolism 
chiefly  of  glycogen ;  it  results  also  from  disturbed  function  of  the  liver, 
and  bears  an  important  relation  to  fatty  degeneration. 
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IIL  CLINICAL  TYPES  OF  ACIDOSIS. 
The  Acidosis  of  Starvation. 
One  of  the  most  significant  forms  of  axiidosis,  and  one  that  gives  the 
clue  to  its  origin  in  many  diseases,  occurs  when  the  supply  of  food, 
especially  of  carbohydrates,  is  deficient.  The  purest  examples  have  been 
shown  by  the  professional  fasters,  Cetti,  Breithaupt  and  Succi.  In  them 
acetone  rapidly  increased  from  the  normal  trace  to  a  pronounced  reaction 
a  few  hours  after  the  fast  began,  reaching  0.5  gm.  on  the  first  day  in 
Cetti,  but  only  0.054  gm.  with  Breithaupt,  in  whom  the  rise  to  0.5  gm. 
required  five  days.  The  highest  excretion  was  0.784  gm.  In  many  other 
healthy  fasting  men  these  limits  were  not  exceeded,  and  often  the  acetone 
has  been  much  lower  (Miiller,  Senator,  Hirschf eld,  Waldvogel).  In  health 
most  acetone  (80  to  98  per  cent.)  (Geelmuyden)  passes  out  by  the  breath, 
but  in  starvation  the  non-volatile  forerunners  of  acetone  can  not  be 
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readily  exhaled  from  the  lung,  but  are  usually  excreted  unchanged  in 
the  urine,  which  thus  becomes  the  chief  channel  of  exit. 

There  are,  however,  striking  exceptions  to  this  rule,  as  in  Nebelthau's 
case,  in  which  only  10  per  cent,  of  the  acetone  appeared  in  the  urine. 
In  any  event,  to  the  urinary  acetone  must  be  added  20  to  40  per  cent,  or 
more  to  give  the  total  excretion  in  starvation. 

Yet  the  results  of  the  sudden  withdrawal  of  all  food  in  the  average 
human  being  are  often  more  pronounced.  Mayer  found  1.90  gm.  of 
acetone  in  the  urine  of  a  fasting  girl  with  a  gastric  ulcer.  Diacetic  acid 
usually  appears  on  the  first  day  of  starvation  and  becomes  pronounced  in 
thirty-six  hours  (von  Noorden).  Great  variations  in  the  excretion  of 
beta-oxybutyric  acid  in  starvation  have  repeatedly  been  noted  and  may  oe 
attributed  to  the  varying  supply  of  carbohydrate  in  the  body,  the  amount 
of  fat  in  the  food,  the  extent  of  the  depot  fat,  and  to  individual  peculiari- 
ties. In  a  case  of  hysterical  vomiting  Gerhardt  and  Schlesinger  found 
40  gm.  in  one  day's  urine,  L.  Mayer  16.3  gm.  in  a  case  of  gastric  ulcer, 
and  Brugsch  records  9.27  to  13  gm.  from  the  twenty-third  to  the  thirtieth 
days  of  starvation  in  a  professional  fasting  woman.  These  amounts  are 
fully  equal  to  those  observed  in  many  cases  of  acid  diabetic  coma. 

It  is  not  justifiable,  however,  to  regard  such  cases  as  examples  of 
simple  starvation.  Patients  with  gastric  ulcer,  esophageal  stenosis,  and 
hysteria,  are  not  normal  subjects  for  studies  in  metabolism,  and  many 
secondary  factors  exist  to  intensify  the  influence  of  fasting. 

During  the  acidosis  of  acute  starvation  there  is  increased  excretion  of 
calcium  and  phosphoric  acid,  the  fat  in  the  blood  is  sometimes  increased 
(Cohnstein,  Michaelis),  but  the  alkalescence  and  carbon  dioxid  content 
have  been  found  practically  normal. 

The  urinary  ammonia  usually  runs  parallel  with  the  acidosis.  In  a 
muscular  man  with  gastric  ulcer  von  Noorden  found  S.G  gm.  of  total 
nitrogen,  of  which  18  per  cent,  was  excreted  as  ammonia.  Brugsch  found 
35.3  per  cent,  of  ammonia  nitrogen  (1.46  gm.)  in  one  day  of  Succi's  fast, 
and  an  average  of  21.3  per  cent.  (1.4  gm.)  from  the  twenty-third  to  the 
thirtieth  day.  Higher  ratios  usually  belong  to  cases  like  Nebelthau's 
(66  per  cent.),  in  which  the  total  nitrogen  is  verj'  low.  According  to 
Bonninger  and  Mohr,  the  ammonia  excretion  in  fasting  is  far  from 
sufficient  to  neutralize  tlie  oxybutyric  acid  in  the  urine,  so  that  fixed 
alkalies  are  from  the  first  required  for  this  purpose.  Yet  Brugsch  ob- 
tained entirely  opposite  results  with  Succi. 

A  remarkable  case  of  chronic  starvation  without  acidosis  is  reported  by 
Brugsch  of  a  woman  of  56  years,  weighing  32  kg.,  extremely  emaciated 
from  esophageal  stenosis,  who  had  taken  no  food  by  mouth  for  nineteen 
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days  before  death  after  gastrostomy,  and  who  showed  complete  absorb- 
tion  of  depot-fat.  The  urine  gas  gave  no  trace  of  acidosis  and  the 
ammonia  nitrogen  before  the  operation  was  0.15  gm.  or  2.9  per  cent,  of 
the  total  nitrogen  (5.46  gm.).  This  observation  does  not  support  the 
idea  of  a  toxic  origin  of  ammonia  in  starvation,  but  it  does  show  that 
starvation  without  fat  consumption  may  be  free  from  acidosis. 

Starvation  acidosis  is  not  limited  to  patients  abstaining  from  all  food, 
but  very  marked  grades  commonly  result  from  exclusive  meat-fat  diet. 
Yet  in  complete  starvation  the  acetone  compounds  tend  to  increase,  while 
on  meat  diet  the  body  may  learn  to  bum  fats  without  carbohydrates  or  to 
appropriate  the  carbohydrate  groups  of  proteins;  and  then  the  acidosis 
diminishes. 

According  to  Marum,  in  fasting  phloridzin-poisoned  dogs,  acetonuria 
appears  only  after  the  liver  has  become  free  from  glycogen,  and  disap- 
pears coincidently  with  the  reappearance  of  glycogen  in  the  liver.  Very 
large  amounts  of  protein  in  carbohydrate-free  diet  tend  to  reduce  acidosis. 
Dogs  are  more  accustomed  than  man  to  lack  of  carbohydrate  and  are  able 
to  bum  fats  without  their  aid.  Hence,  in  these  animals  partial  starva- 
tion causes  little  or  no  acidosis  so  long  as  nitrogen  equilibrium  is  main- 
tained. Even  in  depancreatinized  or  phloridzin-poisoned  dogs  there  is  no 
acidosis  until  negative  nitrogen  balance  indicates  the  destruction  of  body 
proteins  for  the  supply  of  energy  (Baer,  Brugsch  and  Bamberg). 

Gerhardt  and  Schlesinger  subjected  themselves  to  a  rigid  meat  and 
fat  diet  for  eight  days.  Acetone  was  abundant  on  the  first  day,  diacetic 
acid  appeared  on  the  second,  and,  on  the  fifth  and  seventh  days,  oxybu- 
tyric  acid,  of  which  9  gm.  were  excreted.  They  reported  no  symptoms  of 
intoxication. 

It  is  characteristic  of  the  acidosis  of  starvation  that  it  is  quickly  re- 
lieved by  carbohydrate,  the  administration  of  100  to  120  gm.  of  sugar 
reducing  the  acetone  in  a  few  hours  and  bringing  it  to  the  normal  usually 
within  two  days.  Waldvogel  kept  a  strong  man  four  days  on  1^  liters 
of  beer  and  750  gm.  of  white  bread  without  increase  of  acetone,  and 
Rosenfeld  saw  no  acetonuria  in  a  subject  taking  nothing  but  145  gm.  of 
cane  sugar  in  one  day.  Hence,  it  is  not  the  lack  of  food,  but  the  absence 
of  carbohydrates  which  determines  the  occurrence  of  acidosis  in  starva- 
tion. Yet  the  high  acidosis  with  meat  diets  and  the  comparatively  low 
grades  observed  in  emaciated  starving  patients  bear  out  WaldvogePs 
assertion  that  the  degree  of  acidosis  depends  on  the  extent  of  consump- 
tion of  fats. 

An  important  question  in  starvation  is  its  effect  on  the  general  vitality 
of  the  organs.    Is  the  acetonuria  purely  the  result  of  disturbed  chemical 
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reactions  in  the  body,  or  are  the  organ  cells  injured  by  this  condition  and 
their  functional  capacity  reduced?  Numerous  interesting  data  bear  di- 
rectly on  this  question. 

SchondorfE  perfused  the  livers  of  recently  fed  dogs  with  blood  con- 
taining the  products  of  digestion  and  found  considerable  formation  of 
urea;  but  when  the  liver  of  a  starving  animal  was  perfused  with  the  same 
blood  urea  was  found  in  greatly  reduced  amount  or  not  at  all.  Schondorff 
concludes  that  the  liver  in  starvation  shows  greatly  reduced  capacity  to 
form  urea  from  the  normal  products  of  digestion.  Folin,  however,  thinks 
that  the  amount  of  urea  formed  during  perfusion  through  the  legs  of  the 
well-fed  dog  was  too  small  to  justify  Schondorff's  conclusion.  Geelmuyden 
found  that  in  men  on  carbohydrate-free  diet  or  fasting,  5  to  6  per  cent, 
of  diacetic  acid  ingested  fails  to  be  broken  up,  but  in  the  same  subjects  on 
mixed  diet  only  0.75  per  cent,  escapes  destruction. 

While  a  very  small  quantity  of  carbohydrate  (80  gm.  glucose, 
Hirschfeld)  is  suflScient  to  prevent  acidosis,  according  to  Satta  much 
larger  amounts  are  needed  to  relieve  an  already  established  acetonuria. 
While  the  urinary  ammonia  increases  with  the  acidosis  in  starvation,  the 
observations  of  von  Noorden  (p.  51)  and  Satta  fail  to  show  a  uniform 
relation  between  the  ammonia  nitrogen  and  the  grade  of  acidosis  in 
fasting.  Satta  shows  clearly  that  the  administration  of  carbohydrates  in 
fasting  promptly  relieves  acetonuria  while  the  ammonia  remains  high  for 
twenty-four  to  forty-eight  hours  longer.  These  results  indicate  that  the 
withdrawal  of  carbohydrates  causes  a  disturbance  of  cellular  vitality  with 
alteration  in  intermediary  nitrogenous  metabolism,  increased  excretion 
of  ammonia,  and  imperfect  combustion  of  fatty  acids. 

In  observations  on  a  professional  faster,  Cathcart  found  the  residual 
nitrogen  low  (0.15-065  gm.,  1.09-6.83  per  cent.)  and  with  a  tendency  to 
decline.  Brugsch  also  obtained  a  low  proportion  of  residual  nitrogen  in 
a  professional  faster.  Yet  in  many  diseases  in  which  inanition  is  prom- 
inent, especially  in  the  toxemia  of  pregnancy,  the  residual  nitrogen  is 
very  much  higher  (Ewing  and  Wolf),  indicating  either  that  these  are  not 
cases  of  pure  starvation  or  that  starvation  here  takes  on  a  toxic  character. 
E.  and  0.  Freund  found  only  56  per  cent,  of  urea  nitrogen  on  the  twenty- 
first  day  of  a  fast,  and  they  assume  that  the  residual  nitrogen  made  up 
the  bulk  of  the  remainder.  Yet  for  the  total  nitrogen  excretion  of  this 
case,  2.84  gm.,  this  proportion  of  urea  is  normal,  and  much  of  the  re- 
maining nitrogen  must  probably  be  credited  to  creatin  and  creatinin, 
which  were  not  estimated. 

With  deficient  functional  capacity  of  the  liver  the  considerable  ex- 
cretion of  indol  and  phenol  from  intestinal  putrefaction  becomes  of  con- 
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siderable  importance  as  indicating  a  possible  source  of  secondary  toxic 
agents  in  starvation  (cf,  Baumstark  and  Mohr). 

Albuminuria  is  of  very  common  occurrence  in  starvation  and  points 
to  an  injury  of  the  renal  cells.  Von  Noorden  observed  a  case  with  traces 
of  albumin  on  the  third  day  of  fasting.  On  the  fourth  day  broth  and 
four  raw  eggs  were  taken.  Marked  albuminuria  followed,  lasting  twelve 
hours.  Next  day,  on  full  mixed  diet,  albumin  was  absent  and  later  when 
broth  and  seven  raw  eggs  were  taken,  it  failed  to  appear.  Von  Noorden 
regards  this  observation  as  proving  that  starvation  injures  the  renal 
epithelium. 

The  pathologic  anatomy  of  starvation  forms  a  very  scant  chapter  in 
the  extensive  literature  of  this  subject.  Intestinal  hemorrhages  have 
often  been  observed  in  man  and  animals,  and,  as  in  Schulz's  experience, 
fasting  dogs  sometimes  suddenly  collapse  and  die  with  intestinal  hemor- 
rhages, signs  of  severe  intoxication,  and  increased  nitrogen  output. 
Delafield  has  long  recognized  in  New  York  cases  of  vagabondism  and 
starvation  in  which,  with  remarkable  lack  of  ordinary  fecal  matter  in  the 
intestine,  there  is  pronounced  hemorrhagic  gastro-enteritis.  I  have  al- 
ways regarded  these  cases  as  illustrating  a  form  of  autointoxication 
terminating  starvation. 

It  is  a  widely  prevalent  impression  that  the  withdrawal  of  food  may 
be  permitted  with  safety,  prolonged  with  considerable  impunity,  and  its 
consequences  disregarded  or  estimated  as  a  mere  passing  inconvenience 
which  may  be  terminated  at  will.  The  study  of  metabolism,  however, 
sharply  contradicts  this  opinion,  showing  that  starvation  does  not  merely 
entail  a  quantitative  reduction  of  energy,  but  may  profoimdly  disturb 
the  entire  course  of  metabolism,  lead  to  secondary  changes  in  the  struc- 
ture of  organs,  and  initiate  a  progressive  autointoxication  from  which 
recovery  is  often  slow  and  sometimes  impossible.  The  observations  on 
professional  fasters  can  not  serve  as  a  standard  for  the  effects  of  starva- 
tion in  disease.  Clinical  experience  has  long  established  the  danger  of 
withdrawal  of  food  in  infants  and  children,  has  alwaj^s  recognized  obese 
subjects  as  bad  risks  in  acute  infectious  diseases,  appendicitis  and  other 
surgical  affections  requiring  anesthesia  and  operation,  and  has  placed 
ovemutrition  in  the  front  rank  of  predisposing  causes  of  fatal  auto- 
intoxication. In  all  these  conditions  it  is  evident  that  the  sudden  burn- 
ing of  body  fats  may  constitute  a  serious  danger  to  life,  from  loss  of 
control  of  the  manifold  chemical  reactions  concerned  in  the  process. 

Acidosis  in  Pregnancy. 
Acidosis  in  disorders  of  pregnancy  first  came  into  prominence  as  a 
diagnostic  sign  of  fetal  death.    Vicarelli  in  1893  examined  the  urine  in 
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137  cases  of  gestation  and  found  acetonuria  in  nine;  all  these  patients 
were  delivered  of  macerated  fetuses.  He  naturally  concluded  that  ace- 
tonuria was  a  diagnostic  sign  of  fetal  death  and  finding  the  acetone  in 
the  liquor  amnii  he  supposed  that  it  must  come  from  the  fetal  tissues. 
He  did  not  examine  the  urinary  distillate  and  when  this  was  done  by 
Knapp,  Couvelaire,  and  Mercier  and  Menu,  it  appeared  that  acetonuria 
occurred  in  many  normal  cases,  especially  at  term,  was  more  frequent 
with  various  complications  before  and  after  labor,  and  was  especially 
pronounced  in  eclampsia,  and  with  some  but  not  all  cases  of  fetal  death. 
Couvelaire  considered  acetonuria  a  sign  of  autointoxication. 

Scholten,  in  a  study  of  33  cases,  observed  acetonuria  in  31  at  the 
puerperium,  increasing  with  the  length  and  severity  of  labor.  Markedly 
increased  acetonuria  occurred  during  pregnancy  in  3  of  39  cases,  all  with 
living  fetuses.  Scholten  tried  to  bring  the  acidosis  of  pregnancy  in 
line  with  the  prevailing  theory  of  origin  of  acetone  from  proteins  during 
carbohydrate  starvation,  and  in  9  cases  he  administered  100  to  300  gm. 
of  sugar.  In  6  acetonuria  promptly  disappeared,  while  in  the  other  3  the 
women  vomited  the  sugar.  Stolz  found  acetonuria  more  common  in  the 
puerperiimi  than  earlier  in  gestation  (38  to  50  per  cent.),  more  common 
in  multipane  than  in  first  and  second  pregnancies.  It  was  not  favored 
by  lactation.  He  thought  the  acetone  was  derived  from  the  metabolism 
of  body  fats  and  was  in  some  way  connected  with  the  absorption  of 
colostrum.  It  is  remarkable  that  these  observers  failed  to  emphasize  the 
toxic  element  which  must  have  been  present  in  many  of  their  cases.  Yet 
Waldvogel,  the  chief  exponent  of  the  theory  of  origin  of  all  acidosis  from 
carbohydrate  starvation,  detected  certain  discrepancies  between  the  ace- 
tonuria of  pregnancy  and  that  of  pure  malnutrition. 

llie  autotoxic  nature  of  the  disorders  of  pregnancy  accompanied  by 
acidosis  was  virtually  proved  by  the  observations  of  Lindemann  and 
Bouffe  St.  Blaise,  but  the  close  relation  between  all  these  specific  mani- 
festations was  first  sliown  by  Stone  and  by  the  writer  of  this  pa{)er  in 
1903-4.  At  that  time  we  had  found  high  ammonia  ratios  in  the  urine 
in  pernicious  vomiting,  indicating  severe  acidosis,  but  finding  no  con- 
stant relation  between  the  acidosis  and  the  severity  of  toxic  symptoms  it 
became  necessary  to  look  to  other  features  of  metabolism  for  a  clue  to 
the  nature  of  the  intoxication. 

Meantime,  Zweifel  reported  an  extensive  study  of  the  urinary  sulphur 
in  eclampsia,  concluding  that  this  disease  consists  in  a  remarkable  de- 
ficiency in  the  oxidative  capacity  of  the  organism,  and  attributing  the 
toxic  symptoms  chiefly  to  sarcolactic  acid.  According  to  this  view, 
eclampsia  falls  in  that  group  of  acidoses  which  is  antagonistic  in  origin 
to  that  due  to  the  acetone  compounds. 
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Williams  has  contributed  important  observations  on  the  ammonia 
excretion  in  pernicious  vomiting,  dividing  the  cases  into  two  groups 
those  with  high  ammonia,  which  he  recognizes  as  toxic,  and  those  with 
low  ammonia,  which  he  regards  as  neurotic. 

In  a  study  with  Wolf  of  the  clinical  symptoms,  pathologic  anatomy, 
and  urinary  chemistry  of  the  toxemia  of  pregnancy,  we  drew  the  con- 
clusion that  pernicious  vomiting,  acute  yellow  atrophy  and  eclampsia  are 
closely  related  conditions,  connected  by  transitional  cases,  and  consisting 
essentially  in  a  disorder  of  nitrogenous  metabolism  involving  disturbances 
of  several  processes,  including  probably  defective  desamidation.  Prom 
the  results  of  this  work  the  routine  study  of  the  nitrogen  partition  in  the 
urine  in  pregnancy  was  recommended,  partly  as  a  reliable  guide  to  the 
gravity  of  the  disease,  but  more  urgently  as  a  basis  for  prophylactic 
treatment  by  general  hygiene  and  carefully  adjusted  diet.  Although  we 
found  acetone  compounds  in  many  cases  and  recognized  the  significance 
of  ammonia  as  a  measure  of  acidosis,  we  were  unable  to  regard  the  dis- 
ease as  essentially  an  acid  intoxication,  since  these  signs  were  missing  in 
many  very  severe  cases  of  all  types,  while  tlie  low  urea  and  high  amido- 
acid  nitrogen  in  such  cases  suggested  the  theory  of  defective  desamidation. 

Quantitative  estimation  of  the  acetone  compoimds  in  the  toxemia  of 
pregnancy  are  not  available,  but  from  the  ammonia  ratios  reported  by 
Stone,  Williams,  Edgar,  Ewing  and  Wolf,  in  pernicious  vomiting,  and 
by  Zangemeister  and  Zweifel  in  eclampsia,  it  is  evident  that  the  acidosis 
is  often  severe.  In  one  of  our  cases  after  two  weeks  vomiting  the  total 
ammonia  nitrogen  was  to  1.78  gm.  (14.2  per  cent.) ;  and  in  another  case, 
that  of  a  very  fat  woman  with  moderately  severe  symptoms,  the  ammonia 
nitrogen  was  43  per  cent.  It  is  especially  in  the  acute  cases  in  the  early 
months  that  high  ammonia  ratios  occur.  No  uniform  rule  can  be  estab- 
lished, however,  owing  to  the  complexity  of  factors  influencing  ammonia 
excretion.  We  have  seen  fatal  cases  with  normal  ammonia,  and  are  now 
observing  a  patient  whose  ammonia  ratio  for  some  months  has  run  be- 
tween 10  and  15  per  cent,  in  spite  of  full  carbohydrate  diet.  This  patient 
was  finally  delivered  of  a  healthy  infant,  after  which  the  urine  promptly 
became  normal. 

Becently  a  remarkable  case  of  pernicious  vomiting  came  under  our 
observation  at  Bellevue  Hospital  through  the  kindness  of  Dr.  Cyrus  J. 
Strong.  This  patient,  a  well-nourished  teripara,  had  taken  little  food 
for  some  weeks  on  account  of  persistent  vomiting.  Her  condition  did 
not  appear  to  be  critical,  the  chief  symptoms  being  muscular  weakness, 
mental  dulness,  and  vomiting.  The  pulse  was  80  to  100  and  of  good 
force.  The  accompanying  table  of  urine  analyses  is  furnished  by  my  col- 
leagues, Drs.  WolflE  and  Shaffer. 
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On  July  8  abortion  was  recommended,  the  patient  was  transferred 
to  another  service,  and  no  further  analyses  were  obtained.  Instead  of 
operation,,  moral  suasion  was  employed  with  much  success,  as  the  patient 
stopped  vomiting  and  retained  some  food.  On  July  14  she  was  delivered 
of  a  macerated  four  months  fetus.  Vomiting  recurred  severely  and  the 
patient  sank  into  a  state  of  great  weakness,  mental  dulness/  delirium 
ending  in  coma  and  death,  July  20.    There  was  no  autopsy. 

In  this  case  the  remarkable  ammonia  nitrogen  ratio  of  75  per  cent, 
(total  2.47  gm.)  was  reached  and  urea  disappeared  entirely  from  the 
urine  of  this  day.  On  account  of  the  very  low  nitrogen  output  the 
chemical  diagnosis  must  be  chronic  starvation  with  acidosis,  but  clinic- 
ally the  termination  of  the  disease  took  the  form  of  pernicious  vomiting 
of  pregnancy  with  acute  yellow  atrophy  of  the  liver. 

In  many  of  our  cases,  however,  the  ammonia  totals  and  ratios  are 
normal  or  subnormal,  although  the  symptoms  are  severe  or  even  fatal 
(cf.  Cases  10,  12,  16-19,  Ewing  and  Wolf).  Hence,  acidosis  is  not  a 
constant  and  can  not  be  an  essential  feature  in  all  stages  of  the  toxemia 
of  pregnancy. 

In  eclampsia  the  ammonia  ratios  of  Zangemeister  and  Zweifel,  as  well 
as  our  own,  run  below  20  per  cent.,  while  the  total  ammonia  iiitrogen 
does  not  indicate  the  existence  of  a  severe  grade  of  acidosis,  and  the  re- 
actions for  acetone  compounds  are  moderate. 

Zweifel  believes  that  eclampsia  is  an  intoxication  by  lactic  acid  or 
its  salts,  but  the  amounts  of  this  acid  which  he  finds  in  the  blood  and 
urine  are  comparable  to  those  found  in  other  quite  different  conditions, 
while  the  known  physiology  of  lactic  acid  does  not  favor  the  belief  that 
it  is  the  cause  of  eclamptic  seizures.  Dreyfuss  in  a  recent  study  of 
eclampsia  has  pointed  out  these  physiologic  relations  and  concluded  that 
in  eclampsia  lactic  acid  results  from  excessive  muscular  exertion, 
dyspnea,  and  disturbance  of  the  liver. 

That  the  specific  toxemia  of  pregnancjy^  is  an  autointoxication  is 
amply  proved,  since  its  fulminant  forms  are  the  most  violent  occurring 
m  the  human  subject ;  and  it  is  almost  equally  clear  that  acid  intoxication 
is  a  subordinate  factor,  although  possibly  affecting  some  cases,  but  the 
pan  played  by  starvation  in  this  disease  is  not  easily  determined. 

In  the  case  here  reported  and  in  Case  12  of  Ewing  and  Wolfs  series 
Uic  influence  of  prolonged  starvation  seems  evident.  But  more  rapid 
cases  of  the  same  type  may  be  fatal  in  a  few  days,  and  if  these  are  the 
result  of  starvation,  then  in  this  class  of  patients  the  essentially  toxic 
cliaracter  which  starvation  may  sometimes  assume  becomes  emphasized 
to  a  remarkable  degree.    Von  Noorden  seems  to  believe,  and  his  pupil, 
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Satta,  activfly  maintains,  that  the  condition  in  fasting  is  essentially 
toxic  with  progressive  injury  to  the  body  cells,  and  such  is  the  conclusion 
reached  in  the  present  section  on  this  topic. 

It  has  been  objected  to  the  use  of  the  nitrogen  partition  as  a  clinical 
guide  in  the  toxemia  of  pregnancy,  that  it  shows  only  the  influence  of 
starvation.  According  to  the  present  view,  however,  its  significance  is 
not  thereby  reduced,  since  it  would  then  indicate  the  progress  of  a  type 
of  starvation  which  may  prove  rapidly  fatal.  But  it  is  diflBcult  to  accept 
the  peculiar  smptoms  of  pernicious  vomiting  as  those  of  starvation^  and 
the  urinary  analyses  are  in  some  important  respects  quite  different. 

Among  the  chief  distinctions  are  the  inconstancy  of  acidosis,  the 
occurrence  of  high  total  ammonia  without  acidosis,  and  the  high  propor- 
tion of  amido-acid  nitrogen.  These  signs  point  to  a  deficiency  of  urea 
forming  function,  possibly  to  defective  desamidation,  leading  to  degen- 
erative changes  in  the  liver  and  other  organs  and  to  a  fatal  collapse  of  the 
chemical  control  of  the  organism.  The  clinical  condition  shows  a 
striking  resemblance  to  that  described  by  Minkowski  after  extirpation  of 
the  liver  or  following  the  Eck  fistula.  According  to  this  view,  which 
assumes  the  existence  of  injured  organ  cells,  there  is  room  for  the  belief 
that  an  excessive  neurotic  element  or  severe  acidosis  or  indol  poisoning, 
may  stamp  certain  cases  with  peculiar  features.  It  is  probable  that  many 
of  the  fatalities  in  this  case  are  due  to  delayed  chloroform  poisoning. 
Yet  obstetricians  continue  to  use  this  anesthetic  freely. 

It  is  not  an  infrequent  experience  to  find  that  persistent  vomiting  in 
the  earlier  months  of  pregnancy  is  followed  after  an  interval  by  albu- 
minuria and  later  by  the  pre-eclampsic  state  of  Edgar,  or  by  eclampsia 
with  moderate  or  pronounced  nephritis.  The  observations  on  acidosis 
threw  some  light  on  this  sequence  of  events.  In  many  experimental 
forms  of  acid  intoxication  beginning  with  the  discovery  of  Kulz's  coma 
casts,  which  I  have  observed  in  hydrochloric  acid  poisoning,  in  the  ex- 
periments on  Uie  toxicity  of  acetone  compounds,  and  in  many  clinical 
studies,  it  is  apparent  that  prolonged  acidosis  tends  to  set  up  nephritis. 
Diabetes  for  special  reasons  is  a  partial  exception  to  this  rule,  and  yet 
it  is  extremely  rare  for  diabetes  to  prove  fatal  without  active  nephritis. 
Of  the  mechanism  of  this  relation  little  is  known,  but  the  fact  that  it 
exists  is  sufficiently  attested  and  should  encourage  efforts  to  combat 
acidosis  whenever  it  appears,  especially  in  the  toxemia  of  pregnancy. 

Cyclic  Vomiting. 

There  are  several  types  of  periodical  vomiting  in  children  and  in  one 
of  these  acidosis  is  prominent  and  acid  intoxication  has  been  urged  as  the 
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essential  pathogenic  factor.  There  is  a  purely  neurotic  vomiting  de- 
scribed by  Leyden,  Reymond  and  others;  a  second  type,  referable  to 
errors  of  diet  and  relieved  by  the  vomiting  and  purging,  is  described  in 
this  connection  by  Fenwick,  Symes,  and  Gee,  and  it  is  obvious  that  any 
of  the  bacterial  causes  of  gastritis  in  children  may  act  periodically. 

Characteristic  cyclic  vomiting  occurs  only  in  children,  usually  in 
neurotic  subjects,  at  frequent  intervals,  not  connected  with  dietetic 
errors,  and  not  relieved  by  vomiting  or  purging.  The  vomiting  is  very 
severe,  and  the  vomitus  may  contain  mucus,  bile,  blood,  acetone,  and 
indol,  and  is  accompanied  by  great  prostration,  thirst  and  emaciation, 
but  not  by  pain.  There  is  restlessness,  headache,  and  there  may  be  de- 
lirium, convulsions  and  coma.  The  temperature  may  be  subnormal  or 
rise  to  110  F.  Respiration  is  rapid,  sighing  and  irregular.  The  attack 
usually  lasts  but  a  few  days,  but  may  be  continued  for  two  weeks  or 
prove  fatal  in  fortj'-eight  hours.  Recurrence  is  common.  The  urine 
before  the  attack  may  contain  much  indican,  increased  uric  acid,  and 
some  acetone:  during  the  attacks  it  is  diminished  with  less  indican  or 
uric  acid,  more  acetone  compounds,  and  often  with  albumin,  casts,  or 
blood. 

Several  theories  of  the  nature  of  this  disease  have  been  maintained. 
The  theory  of  a  gastric  neurosis  applies  to  one  predisposing  element. 
Rachford  believes  that  the  malady  is  a  lithemic  condition  allied  to 
migraine,  and  in  one  of  his  patients  the  attacks  changed  to  migraine  as 
the  patient  grew  older.  Excess  of  uric  acid  has  been  found  in  the  urine 
by  Pepper,  Holt,  Griffith,  Valagusa,  and  Comby,  and  appears  to  be  a 
very  constant  feature  of  the  disease. 

The  acetone  compounds  have  been  found  in  the  urine  and  breath  by 
Marcy,  Edsall,  Marfan  and  others,  and  Edsall  has  urged  that  the  disease 
is  a  form  of  acid  intoxication. 

Several  observations  favor  this  hypothesis.  Although  quantitative 
estimations  of  the  acetone  compounds  have  not  been  made,  the  reactions 
in  the  urine  have  often  been  pronounced,  and  the  breath  may  give  a 
strong  odor  of  acetone.  Acetone  may  occur  in  the  urine  before  the 
attack  (Marfan).  It  may  appear  in  the  vomitus,  suggesting  that  the 
vomiting  is  an  eliminative  mechanism.  Edsall  states  that  the  respiratory 
disturbance  resembles  that  of  diabetic  coma  and  he  strongly  recommends 
alkali  therapy,  while  he  and  Pierson  assert  that  they  have  cured  some 
and  prevented  other  attacks  by  this  'method.  On  the  other  hand,  the 
acetone  compounds  do  not  appear  to  be  present  in  quantities  sufficient 
to  account  for  the  severe  symptoms,  and  their  toxicity  is  slight.  These 
substances  occur  very  readily  in  children  not  presenting  the  symptoms 
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of  cyclic  vomiting  (Baginsky,  Langmead).  The  resemblance  of  the 
dyspnea  to  that  of  acid  coma  has  not  impressed  the  majority  of  observers. 
The  good  effects  of  alkali  therapy  here,  as  in  diabetic  coma,  may  be 
referable  to  other  actions  than  the  neutralization  of  acids  (Shaw  and 
Tribe),  while  this  treatment  may  fail  and  other  forms  of  treatment  may 
be  equally  or  more  effective  (QriflBth,  Shaw,  Tribe  and  Marfan). 

The  researches  of  Rowland  and  Richards  have  gone  far  toward 
elucidating  the  nature  of  cyclic  vomiting  in  children.  In  a  series  of 
cases  they  found  acetone  compounds  and  lactic  acid,  a  rise  in  the  ratio 
of  neutral  to  oxidized  sulphur,  and  heavy  indicanuria,  which  diminishes 
during  the  attack.  All  these  Urinary  signs  they  interpret  as  evidence  of 
deficient  oxidation  by  the  body  cells.  They  argue  that  the  rise  in  uric 
acid  must  represent  endogenous  nucleo-proteid  metabolism  since  ex- 
ogenous sources  of  uric  acid  are  reduced  with  the  scanty  diet  of  the 
patients. 

The  appearance  of  acetone  compounds  and  lactic  acid  can  not  be  due, 
they  think,  to  lack  of  carbohydrates,  since  the  symptoms  appear  too 
soon — three  to  four  hours  after  a  full  diet —  and  must  be  referable  to 
failure  to  bum  carbohydrates  and  fats  properly.  They  attach  great  im- 
portance to  the  presence  of  much  iudol,  phenol  and  skatol  in  the  urine. 
Before  the  attack  indicanuria  is  greatly  increased,  indicating  increased 
intestinal  putrefaction.  While  indol  is  comparatively  non-toxic  in  the 
healthy  organism,  they  show  that  when  the  animal's  detoxicating  power 
is  reduced  by  slight  poisoning  with  potassium  cyanid  or  chloroform,  or 
by  asphyxia,  indol  becomes  extremely  toxic,  producing  vomiting,  hema- 
tomesis,  blindness,  convulsions,  and  death.  In  dogs  thus  poisoned  by 
potassium  cyanid  0.25  to  0.5  gm.  of  indol  produced  very  marked  symp- 
toms, although  18  gm.  of  indol  have  been  found  innocuous  in  healthy 
animals.  In  their  poisoned  dogs  the  excretion  of  indol  as  indican  was  de- 
layed and  less  was  found  in  the  urine  than  with  normal  dogs.  This  ob- 
servation indicates  that  the  amount  of  indican  in  the  urine  is  determined 
not  merely  by  the  amount  of  indol  absorbed,  but  by  the  capacity  of  the 
organism  to  combine  with  sulphuric  acid  and  excrete  it  as  indican.  I 
have  repeatedly  found  that  indican  decreases  or  completely  disappears  in 
the  urine,  during  attacks  of  migraine,  in  patients  who  excrete  large 
quantities  before  and  after  the  attack. 

Rowland  and  Richards  conclude  that  cyclic  vomiting  results  from 
deficient  oxidation  brought  about  in  predisposed  subjects  by  nervous 
disturbance,  and  leading  to  failure  to  detoxicate  products  of  intestinal 
putrefaction,  and  of  internal  metabolism. 

That  the  subjects  of  cyclic  vomiting  suffer  from  severe  autointoxica- 
tion is  indicated  not  only  by  the  urinary  signs,  but  by  the  extensive  gran- 
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ular  and  fatty  degeneration  of  the  liver  and  kidneys  recorded  in  the 
autopsies  of  Griffith  and  Marey,  and  observed  in  many  other  conditions 
accompanied  by  acidosis. 

There  is  also  good  reason  to  believe  that  indol  is  a  prominent  toxic 
agent  in  this  disease.  Since  similar  evidence  has  not  been  obtained  of 
the  toxic  action  of  acid  products  of  metabolism,  and  since  the  quantity 
of  these  acid  products  excreted  has  not  been  determined,  and  since  the 
symptoms  and  lesions  of  the  disease  are  not  those  of  the  most  probable 
manifestations  of  simple  acidosis,  I  think  one  can  not  endorse  the  view 
that  cyclic  vomiting  is  a  form  of  acid  intoxication,  with  extensive  loss 
of  tissue  alkalies.  It  appears  to  be  rather  a  complex  disturbance  of 
metabolism  occurring  in  neurotic  and  predisposed  subjects,  in  which 
rapid  burning  of  body  fats,  defective  function  of  the  liver,  and  poisoning 
by  intestinal  putrefactive  products  are  combined.  Studies  on  the 
nitrogen  partition,  especially  the  ammonia  and  residual  nitrogen,  quanti- 
tative estimations  of  the  acetone  compounds,  of  lactic  acid,  and  of  the 
alkalescence  of  the  blood  are  needed  in  this  field,  and  are  essential  bef on* 
one  can  estimate  the  relative  importance  of  these  factors. 

Acidosis  After  Anesthesia. 

Becker,  who  first  studied  the  acidosis  following  anesthesia,  found 
acetonuria  in  two-thirds  of  all  subjects.  It  was  more  marked  in  women 
than  in  men  and  most  pronounced  in  children,  appearing  in  the  first  or 
second  portion  of  urine  passed,  and  lasting  eight  or  nine  days.  It  was 
uninfluenced  by  the  length  or  character  of  the  narcosis,  and  occurred 
after  one  minute's  inhalation  of  bromether.  Abram  found  acetone  in  all 
of  25  cases,  but  in  9  LegaFs  reaction  appeared  only  in  the  distillate. 
Ether  seemed  to  be  less  effective  than  chloroform.  Waldvogel  observed 
acetonuria  in  three-fourths  of  fifty  cases,  demonstrating  diaoetic  and 
beta-oxybutyric  acids  in  thirteen  cases  on  the  first  day.  The  highest 
amount  of  beta-oxybutyric  acid  observed  was  2.5  gm.  in  eighteen  hours. 
In  two  cases  acetone  compounds  were  at  first  absent  and  considerable 
glycosuria  occurred. 

The  fatal  effects  of  anesthesia  in  diabetes,  of  which  Becker  collected 
thirteen  cases,  seemed  thus  to  receive  a  partial  explanation,  since  it  was 
early  seen  that  existing  acetonuria  was  made  worse  by  the  anesthetic. 
A  direct  toxic  origin  of  this  form  of  acetonuria  seemed  obvious,  but 
Waldvogel  attempted  to  prove  that  it  was  chiefly  referable  to  the  with- 
drawal of  food  in  the  preparation  for  the  anesthetic,  and  to  the  subse- 
quent vomiting.  In  several  cases  he  was  able  to  show  that  acetonuria  did 
not    appear  if  the  patient  was  anesthetized  on  a  full  stomach  and  did 
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not  vomit  after  recovery.  Yet,  since  children  of  6  to  9  years,  whom  he 
allowed  to  fast  for  seven  hours,  failed  to  show  increased  acetonuria,  and 
since  the  influence  of  carbohydrate  in  relieving  the  acidosis  from  chloro- 
form was  much  slower  than  in  simple  starvation,  Waldvogel  was  forced 
to  conclude  that  a  direct  toxic  action  of  the  anesthetic  was  an  important 
factor  in  producing  the  acidosis.  Baldwin,  in  a  study  of  forty-one  cases, 
gave  25  to  50  gm.  of  glucose  to  six  patients  without  evident  effect  on  the 
acetonuria. 

It  has  been  shown  in  dogs  (Marum)  and  assumed  for  man  that 
acetone  does  not  appear  in  the  urine  until  the  glycogen  of  the  liver  has 
been  consumed  and  no  more  carbohydrate  is  available.  But  the  im- 
mediate appearance  of  acetone  after  anesthesia  shows  that  this  course 
of  physiologic  events  is  not  invariable  and  points  to  a  direct  interference 
with  carbohydrate  consumption  exerted  by  the  chloroform.  The  very 
early  appearance  of  fatty  degeneration  of  the  liver  after  chloroform 
narcosis  is  of  similar  import. 

It  has  long  been  known  that  the  dangers  of  chloroform,  and,  to  a  less 
extent,  of  ether  are  not  exhausted  in  its  immediate  effects.  In  recent 
years  attention  has  frequently  been  drawn  to  the  occurrence,  chiefly  in 
children,  of  a  type  of  delayed  chloroform  poisoning,  in  which  the  patient 
after  more  or  less  complete  recovery  from  the  anesthetic,  after  a  few 
hours  or  days,  fell  into  a  state  of  fatal  intoxication  marked  by  vomiting, 
acetonuria,  acetone  breath,  extreme  prostration,  albuminuria,  cyanosis, 
nervous  excitement,  followed  by  delirium,  coma,  and  death. 

Guthrie,  in  1894  and  again  1903,  emphasized  the  frequency  and  im- 
portance of  this  peculiar  intoxication,  regarding  it  as  a  result  of  chloro- 
form poisoning  added  to  a  pre-existing  fatty  degeneration  of  the  liver. 
So  pronounced  was  this  change  in  the  liver  and  so  much  did  the  symp- 
toms resemble  those  of  acute  yellow  atrophy,  that  he  was  inclined  to 
believe  that  the  two  conditions  were  closely  related,  and  he  referred  to 
cases  of  acute  yellow  atrophy  following  operation  collected  by  Schenck 
and  by  Ballin  in  support  of  this  view. 

That  these  cases  may  be  accompanied  by  marked  acidosis  was  shown 
by  Brewer  in  1902  in  a  remrakable  case  fatal  three  days  after  operation 
for  acute  appendicitis,  in  which  considerable  amounts  of  acetone  and 
diacetic  acid  were  found. 

Bracket,  Stone  and  Low,  and  later  Kelly,  have  reported  a  series  of 
eases  of  this  general  type  occurring  in  young  children  at  the  Boston 
City  Hospital.  The  patients  were,  as  a  rule,  rather  poor  subjects  for 
surgical  treatment,  some  suffering  from  infantile  paralysis  or  intestinal 
obstruction;  one  soems  to  have  been  subject  to  cyclic  vomiting,  and  all 
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exhibited  a  neurotic  tendency  which  was  not  improved  by  hospital  but- 
roundings.  In  six  cases  the  symptoms  developed  without  operation,  and 
one  of  these  was  fatal,  but  most  of  the  severe  cases  occurred  after  anes- 
thesia by  ether.  The  grade  of  acidosis  was  probably  not  severe,  as  Joslin 
found  only  0.142  gm.  of  a<jetone  in  the  urine  from  a  patient  dying  twenty 
hours  after  operation.  At  autopsy  extensive  fatty  degeneration  of  the 
liver  and  kidneys  was  found.  Treatment  by  fat-free  diet  and  bicarbonate 
of  soda  seemed  to  have  good  effects  in  some  cases,  but  not  in  others,  and 
no  better  than  those  following  salt  infusion.  Later  Stiles  and  McDonald 
(1904)  presented  a  full  clinical  and  pathologic  picture  of  delayed  chloro- 
form poisoning,  assuming  that  it  is  a  form  of  poisoning  by  acetone 
compounds;  and  a  similar  conclusion  was  reached  by  Carmichael  and 
Beattie,  the  latter  authors  excluding  constitutio  lymphatica  in  their 
cases.  Bevan  and  Favill,  in  a  full  review  of  the  subject,  cite  several 
cases  of  acute  yellow  atrophy  of  the  liver  following  anesthesia,  in  which 
group  their  own  case  seems  to  fall.  They  strongly  emphasize  the  dangers 
of  chloroform  anesthesia  in  predisposed  subjects  and  conclude  that  the 
chloroform  directly  injures  the  liver  cells  while  the  acidosis  is  a  sec- 
ondary and  comparatively  xmimportant  feature  of  the  intoxication. 

'  There  is  no  doubt  that  the  cases  included  in  the  foregoing  reports 
represent  a  heterogeneous  group  of  conditions,  of  which  acidosis  is  a  more 
or  less  constant  feature.  None  of  the  authors  briugs  forward  satisfactory 
evidence  that  acid  intoxication  of  any  form  is  a  prominent  factor  in  the 
sjTnptoms,  but  the  occurrence  of  this  type  of  fatal  intoxication  is  not 
only  of  great  practical  importance,  but  has  rather  decisive  bearing  on 
\hQ  general  question  of  the  significance  of  acidosis  and  acid  intoxication. 
These  cases  demonstrate  a  highly  toxic  condition  with  extensive  injury 
to  organ  cells,  in  which  there  is  marked  acidosis,  and  thus  they  emphasize 
the  toxic  element  in  some  other  forms  of  acidosis.  They  leave  unde- 
termined, as  it  appears  to  me,  what  part,  if  any,  the  acidosis  plays  in  the 
s}Tnptoms  and  fatal  issue,  but  many  of  the  cases  suggest  that  the  sudden 
burning  of  body  fats  when  the  liver  is  seriously  injured  is  a  process  that 
may  become  dangerous  to  life.  Yet  the  observations  are  quite  inadequate 
to  prove  the  real  character  of  the  underlying  disturbance  of  metabolism. 
In  some  cases  of  delayed  chloroform  poisoning  and  of  acute  appendi- 
citis fatal  after  operation  I  have  found  very  low  urea,  rather  high  am- 
monia and  excessive  residual  nitrogen,  suggesting  that  this  is  a  condition 
in  which  the  urea-forming  and  other  functions  of  the  liver  are  fatally 
deficient.  Further  systematic  urinary  analyses  are  essential  for  the 
correct  interpretation  of  this  group  of  cases.  There  are  many  reasons 
for  supposing  that  it  will  be  found  to  follow  the  prototype  of  the  intoxi- 
cation foUowing  extirpation  of  the  liver,  or  the  Eck  fistula. 
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From  the  practical  side  the  observations  on  delayed  chloroform  in- 
toxication are  of  much  value,  since  they  serve  to  define  an  important 
particular  in  which  certain  subjects  may  be  recognized  as  bad  surgical 
risks.  It  is  the  consensus  of  opinion,  from  which  only  Carmichael  and 
Beattie  dissent,  that  the  intoxication  occurs  only  in  predisposed  subjects 
of  nervous  temperament,  and  weakened  by  fatty  alterations  of  the  liver, 
and  one  need  not  assume  the  existence  of  fatty  degeneration  in  order 
to  explain  the  weakened  state  of  the  organism.  In  view  of  the  many 
unfavorable  factors,  as  youth,  previous  chronic  malnutrition  or  disease, 
and  anesthesia,  which  seem  to  concur  in  producing  the  fatal  result,  it 
may  be  necessary  to  reopen,  for  this  group  of  cases,  the  question  of  the 
direct  toxicity  of  salts  of  the  fatty  acids.  In  any  event  attention  may  be 
called  to  this  group  of  cases  as  a  most  favorable  field  for  the  study  of 
problems  relating  to  acidosis. 

Miscellaneous  Clinical  Types  of  Acidosis. 

There  remain  for  consideration  several  clinical  conditions  in  which 
von  Jaksch  believed  he  could  recognize  the  effects  of  acetonemia,  but  in 
which  later  investigations  have  shown  that  the  acidosis  is  the  result  and 
probably  not  the  cause  of  symptoms  and  that  the  acetonuria  is  not  the 
result  of  absorption  from  the  intestinal  tract,  but  the  sequel  of  carbo- 
hydrate starvation.  Under  the  title  of  "acetonuria  from  digestive  dis- 
turbances" have  been  described  a  heterogeneous  class  of  cases,  markied  by 
vomiting  and  diarrhea,  acetonuria,  and  a  variety  of  nervous  symptoms 
which  the  older  authors  were  disposed  to  refer  to  acetonemia.  In  this 
field  it  is  extremely  difficult  to  attempt  any  classification  or  to  trace 
the  influence  of  many  factors  concerned,  but  several  somewhat  coherent 
groups  of  cases  may  be  recognized. 

One  of  these  has  been  separately  considered  as  "cyclic  vomiting  of 
children.''  In  addition  to  this  somewhat  special  recurrent  type,  the 
ordinary  gastro-enteritis  of  infants  has  been  found  associated  with  the 
presence  in  the  urine  of  all  the  acetone  compounds,  and  the  nervous 
symptoms  of  many  of  the  cases  suggests  a  relation  to  acetonuria  ( Vergely, 
Schrack,  Engel).  In  the  extensive  reports  of  von  Jaksch  and  of  Lorenz 
one  finds  many  cases  of  digestive  acetonuria  with  epileptiform  convul- 
sions, which,  on  inspection,  one  must  attribute  to  a  great  many  different 
diseases,  as  eclampsia,  uremia,  lead  poisoning,  hydrocephalus,  chronic 
meningitis,  etc. 

Cassaet  has  isolated  highly  toxic  alkaloids  from  the  stools  of  such 
patients  showing  much  acidosis,  and  it  is  much  more  reasonable  to  at- 
tribute the  symptoms  to  this  class  of  substances,  rather  than  to  any  form 
of  acidosis. 
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COMA   DYSPEPTICUM. 


"Coma  dyspepticum*^  is  a  term  applied  to  a  group  of  symptoms  de- 
scribed by  Litten  and  observed  by  him  in  five  cases.  After  a  short  period 
of  dyspepsia  referable  to  errors  of  diet  the  patients  began  to  suffer  from 
prostration,  chilliness,  anorexia,  thirst,  constipation  or  diarrhea,  and 
occasional  vomiting  soon  followed  by  pronounced  nervous  disturbance, 
headache,  restlessness  and  excitement  varying  with  depression.  Later  a 
pronounced  odor  of  acetone  on  the  breath,  and  marked  ferric  chlorid 
reaction  in  the  urine  appeared,  and  the  patients  became  dull,  apathetic, 
and  semicomatose.  After  two  or  three  days  recovery  followed  with 
disappearance  of  the  acetone.  Although  glycosuria  was  absent,  Litten 
regarded  this  condition  as  related  to  diabetic  coma.  The  relation  of 
acetonuria  to  coma  dyspepticum  appears  never  to  have  been  determined. 

ASTHMA  AOETONIOUM,  HYSTERIA  AND  OBSTIPATION. 

The  "asthma  acetonicum"  of  Pawinski  has  long  been  recognized  as 
uremic  vomiting  and  nephritic  dyspnea. 

In  hysteria  with  vomiting  high  grades  of  acetonuria  may  obviously  be 
attributed  to  starvation,  but  the  process  may  nevertheless  be  toxic.  In 
cases  of  obstipation  very  strong  acetone  reactions  have  been  obtained  in 
both  urine  and  feces,  but  nervous  symptoms  such  as  might  be  attributed 
to  acetonemia  are  inconstant  or  absent  (cf.  Lorenz,  case  37). 

In  all  the  above  groups  the  lack  of  relation  between  the  nervous  symp- 
toms and  the  grade  of  acetonuria,  the  appearance  of  acetone  after  and  not 
before  the  onset  of  symptoms,  and  the  existence  of  many  other  probable 
sources  of  nervous  symptoms,  strengthen  the  belief  that  the  acetonuria  is 
the  result  chiefly  of  carbohydrate  starvation  and  that  the  acidosis  is 
usually  a  secondary  and  negligible  factor. 

The  possibility  that  acetone  compounds  absorbed  from  the  intestine 
contribute  to  the  symptoms  has  been  frequently  mentioned  (Yergeley), 
but  is  not  strengthened  by  the  relatively  small  amounts  of  these  sub- 
stances so  far  demonstrated  in  the  gastrointestinal  contents  (Savelieff, 
Baginsky),  while  any  possible  toxicity  of  the  fatty  acid  derivatives  is 
very  far  below  that  of  indol  and  other  putrefactive  products.  The  fatty 
stools  of  milk-fed  infants  have  perhaps  not  been  suflBciently  studied  from 
this  point  of  view.  Excess  of  fat  in  the  food  increases  acetonuria,  and 
carbohydrates  diminish  intestinal  putrefaction  (Hirschler).  Hence, 
there  is  perhaps  still  some  reason  to  believe  that  in  some  cases  acetonuria 
in  digestive  disturbances  may  be  partly  referable  to  intestinal  absorption. 
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ACIDOSIS  OF  CANCER. 


Among  the  types  of  acetonuria  described  by  von  Jaksch  was  that  oc- 
curring in  the  late  stages  of  gastric  carcinoma  in  certain  well-nourished 
patients  who  suffered  from  severe  vomiting.  Some  of  these  patients 
passed  into  coma  and  it  was  poiirted  out  by  Biess  and  Litten  that  suf- 
ferers from  this  coma  often  exhibited  the  "grosse  Atmung'^  of  Kussmaul^s 
dyspneic  coma  of  diabetes.  Von  Jaksch  stated  that  these  patients  were 
not  always  suffering  from  starvation;  that  the  acetonuria  might  appear 
imexpectedly  in  the  disease;  and  that  its  appearance  sometimes  marked 
the  onset  of  a  severe  type  of  cancerous  cachexia. 

In  two  cases  of  esophageal  and  gastric  carcinoma  with  typical  Kuss- 
mauFs  coma,  Klemperer  demonstrated  a  daily  loss  of  nitrogen  on  balance 
of  5  to  9  gm.,  indicating  toxic  destruction  of  tissues,  and  there  were 
also  small  amounts  of  beta-oxybutyric  acid  in  the  urine.  Klemperer 
concludes  that  in  both  cancer  and  diabetes  the  coma,  the  destruction  of 
tissues,  and  the  acidosis,  are  the  refault  of  a  general  toxic  process,  but  that 
in  neither  case  does  the  acidosis  produce  the  coma.  F.  Miiller  had 
previously  shown  that  neariy  all  cases  of  cancer  lose  nitrogen  on  balance, 
and  Waldvogel  suggests  that  destruction  of  protein  tissues  may  very  well 
be  associated  with  toxic  destruction  of  fats  and  thus  give  rise  to  acidosis. 

It  is  evident  that  in  most  cases  of  cancer  coma  the  patients  are  under- 
nourished or  starving  and  that  inanition  is  the  chief  factor  in  this  form 
of  acidosis.  Von  Noorden  finds  that  acetonuria  is  absent  in  cancer  when 
the  nutrition  is  good  and  begins  to  appear  when  the  destruction  of  proteid 
tissues  becomes  evident.  Waldvogel  failed  to  find  increased  acetonuria 
in  several  advanced  cases  of  cancer  in  which  the  patients  were  well  fed, 
and  Hirschfeld  relieved  the  acidosis  in  such  cases  by  giving  sugar.  It 
nevertheless  appears  possible  that  the  extensive  burning  of  body  fats  and 
proteins  in  a  cachectic  organism  may  be  one  of  the  factors  responsible 
for  some  of  the  sudden  terminations  of  carcinoma. 

ACIDOSIS  IN  PSYCHOSIS. 

The  prominence  of  nervous  symptoms  lends  special  interest  to  the 
acetonuria  of  psychoses,  yet  in  this  field  there  has  never  been  a  strong 
tendency  to  refer  the  nervous  symptoms  to  acetone  poisoning  or  acid 
intoxication.  Tuczek  first  observed  diacetic  acid  in  the  urine  in  psychoses 
when  the  patients  were  fasting,  while  von  Jaksch  was  unable  to  prove 
that  acetonuria  was  at  all  constant  when  such  patients  were  well  nourished. 
Jauregg,  however,  asserted  that  he  was  able  to  detect  peculiar  character- 
istics in  certain  psychoses  which  showed  a  definite  relation  to  acetonuria, 
which  he  regarded  as  of  intestinal  origin,  and  for  which  he  recommended 
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intestinal  antisepsis.  That  no  such  relation  exists  in  melancholia,  mania 
and  paresis  was  fully  shown  by  de  Boeck  and  Slosse,  who  found  ace- 
tonuria  in  such  cases  only  when  the  patients  were  inadequately  fed.  In 
epilepsy  acetone  may  appear  after  severe  seizures,  together  with  lactic 
acid  (Luthje,  Araki). 

FEBRILE  ACETONURIA. 

In  the  extensive  literature  on  this  topic  one  finds  further  illustration 
of  the  rules  governing  the  occurrence  of  acetone  compounds,  but  no 
indication  that  acidosis  is  a  necessary  or  significant  feature  of  the  febrile 
process  or  that  it  contributes  to  the  common  symptoms  of  infectious  dis^ 
eases.  Von  Jaksch  found  that  it  usually — ^but  not  always — ^bore  a  rela- 
tion to  the  height  of  the  fever,  but  it  was  inconstant  in  occurrence,  reach- 
ing a  grade  (maximum  600  mg.)  considerably  lower  than  that  of 
starvation  or  diabetes  and  without  definite  relation  to  prognosis.  In 
children,  as  usual,  it  becomes  most  pronounced.  In  pneumonia  of  chil- 
dren Pfaundler  observed  acetonuria  in  twenty-nine  of  fifty  cases.  In 
adults  Engel,  in  five  cases,  saw  moderate  but  variable  increase.  Lambert 
and  Wolf,  in  a  series  of  cases,  report  rather  pronounced  increase  in  the 
total  ammonia,  indicating  considerable  acidosis. 

In  typhoid  fever  the  acetonuria  is  more  marked  and  constant  but  by 
no  means  invariable.  Engel  found  a  maximum  of  226  mg.  acetone  in 
seven  cases.  In  two  of  these  acetonuria  and  diarrhea  were  absent. 
Praenckel  frequently  saw  initial  acetonuria  disappear  when  a  moderate 
amount  of  food  was  given.  As  judged  by  the  ammonia  nitrogen  in  a 
series  of  cases  I  found  typhoid  fever  to  be  strikingly  free  from  acidosis. 
Even  with  an  antemortem  fall  in  net  urea  the  ammonia  did  not  rise  above 
10  per  cent,  and  usually  remained  within  normal  limits.  The  occurrence 
of  very  toxic  cases  of  typhoid  fever  and  of  terminations  in  acute 
yellow  atrophy  show  that  this  disease  may  be  complicated  by  severe  types 
of  autointoxication  (Ewing),  and  among  the  factors  concerned  may  per- 
haps be  found  severe  acidosis  from  burning  of  body  fats  and  decline  of 
hepatic  function. 

In  measles  and  scarlet  fever  Kulz  early  detected  beta-oxybutyric  acid. 
In  a  case  of  scarlatina  in  a  woman  of  31  years  Litten  describes  a  typical 
case  of  KussmauFs  coma  with  marked  acetonuria  which  disappeared  with 
relief  of  the  coma. 

That  the  element  of  partial  starvation  is  concerned  in  febrile 
acetonuria  is  conceded  by  all  observers,  but  many  have  expressed  the 
opinion  that  a  toxic  destruction  of  tissues  is  also  to  be  considered  as  a 
factor,  Botazzi  and  Orefici  show  that  in  diphtheria  the  acetonuria 
reaches  its  maximum  at  the  time  of  greatest  loss  of  nitrogen  balance  and 
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is  promptly  reduced  by  antitoxin.  Blumenthal  found  in  streptococcus 
infection  a  special  tendency  to  cause  acetonuria.  The  increased  acidosis 
observed  in  diabetics  suffering  from  febrile  disease  points  to  a  toxic 
process  (Ebstein,  Engel).  The  carbon  dioxid  content  of  the  blood  is 
greatly  reduced  (Loewy,  Miinzer,  Meyer)  and  the  titratable  alkali  is  much 
diminished,  35  mg.  sodium  hydrate  (von  Jaksch). 

After  a  full  consideration  of  the  complex  conditions  in  which  febrile 
acetonuria  appears,  Waldvogel  concludes  that  it  results  from  destruction 
of  fats  due  to  inanition  and  cell  injury  and  is  influenced  by  the  nature 
of  the  poison,  the  location  of  the  disease  focus,  the  instabilitj  of  the  fat 
tissues  and  individual  peculiarities. 

ACETONURIA  FROM  POISONING  BY  DRUGS. 

Varying  grades  of  acetonuria  are  observed  after  administration  of 
many  drugs,  as  phosphorus,  arsenic,  lead,  phloridzin,  antipyrin,  pyrodin, 
morphin,  atropin,  curare,  carbon  monoxid  and  sulphuric  acid.  In  the 
action  of  all  these  there  appears  to  be  an  influence  of  starvation,  but  also 
a  more  prominent  toxic  efl:ect.  In  some  instances  the  toxic  influence 
seems  to  act  through  deficient  oxidation,  as  with  the  hematoxic  agents, 
pyrodin,  carbon  monoxid  and  with  phosphorus.  With  all  of  these  the 
acetonuria  appears  very  promptly,  may  be  increased  by  larger  doses  of 
the  drug,  and  as  a  rule  is  comparatively  uninfluenced  by  any  carbohy- 
drate that  may  be  given  (Walko,  Boeri,  Waldvogel).  In  phosphorus 
poisoning  acidosis  appears  in  the  first  hours  but  is  not  always  propor- 
tional to  the  severity  of  the  intoxication  or  to  the  glycosuria.  Schwarz 
found  in  breath  and  urine  0.61  mg.  acetone  on  the  third  day,  0.56  gm. 
on  the  second  day,  mostly  in  the  breath,  while  a  larger  amount,  1.31  gm., 
was  determined  on  the  second  day  of  a  very  mild  case.  Diacetic  acid 
was  commonly  present,  but  beta-oxy butyric  acid  was  never  detected.  The 
acidosis  was  not  influenced  by  carbohydrate  feeding.  Miinzer  found  the 
ammonia  nitrogen  regularly  increased  from  10  to  22  per  cent.  (0.5  to 
2.2  gm).  He  regarded  the  increased  ammonia  as  solely  the  result  of 
acidosis  in  which  sarcolactic  acid  was  prominent,  and  since  administra- 
tion of  alkalies  reduced  the  ammonia  without  affecting  the  symptoms,  he 
held  that  poisoning  by  ammonia  salts  did  not  occur.  He  usually  detected 
acetone  in  marked  amounts. 

The  exact  sources  of  the  acidosis  of  phosphorus  poisoning  have  not 
been  finally  determined.  It  is  evident  that  the  acetone  compounds  are 
insufficient  to  explain  it,  and  most  authors  consider  lactic,  phosphoric 
and  sulphuric  adds  as  the  chief  sources.  Miuizer  calculated  that  the 
excess  of  urinary  ammonia  could  all  be  referred  to  lactic,  phosphoric. 
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sulphuric  and  oxy-acids  derived  from  increased  destruction  of  proteins. 
Yet  the  extreme  disturbance  of  the  fat  depots  of  the  body,  the  splitting 
off  of  fatty  acids  and  lecithin  in  the  organ  cells  (Mavraki,  Saxl),  and  the 
interference  with  several  normal  metabolic  processes,  give  abundant 
opportunity  for  the  formation  of  acetone  compounds,  which  Waldvogel 
and  others  believe  are  prominently  concerned  in  the  acidosis  of  phos- 
phorus poisoning. 

Phloridzin  produces  acidosis  in  all  animals,  least  promptly  in  the  dog. 
According  to  Baer  phloridzinized  dogs  in  nitrogen  equilibrium  show  no 
acidosis;  acidosis  appears  only  when  the  glycogen  of  the  liver  has  been 
exhausted  and  proteins  and  fats  are  being  called  on  for  energy.  The 
demonstration  of  this  rule  governing  the  appearance  of  acetonuria  has 
thrown  much  light  on  the  mechanism  of  action  of  the  toxic  causes  of 
acidosis  and  is  further  evidence  of  the  essential  relation  of  carbohydrate 
combustion  to  these  forms  of  acidosis. 

With  the  remaining  drugs  which  induce  acetonuria  the  grade  of  acid- 
osis is  moderate,  and  the  factors  of  malnutrition  and  special  toxic  action 
are  variously  combined,  but  in  none  of  them  do  the  data  seem  to  deserve 
special  consideration  at  this  time  from  the  clinical  or  theoretical  side. 


TEE  SIGNIFICANCE  OF  THE  PATHOLOOIC  ANATOMY  OF  ACIDOSIS  AND 
A  CLASSIFICATION  OF  ACIDOSES  BASED  CHIEFLY  THEREON, 

Pathologic  anatomy  has  been  given  a  very  scant  hearing  in  the  de- 
datable  ground  of  acid  intoxication,  but  it  has  seemed  to  me  that  more 
important  clues  might  be  obtained  from  this  field  than  have  yet  been 
secured.  Indeed,  notwithstanding  all  that  may  be  said  about  the  lack 
of  relation  between  histologic  structure  and  functional  capacity  of  organs, 
I  think  it  will  eventually  be  proved  a  grave  error  to  associate  together 
such  conditions  as  diabetic  acidosis,  in  which  the  liver  is  practically  nor- 
mal, and  that  of  delayed  chloroform  poisoning,  in  which  this  important 
organ  may  be  nearly  destroyed. 

In  the  two  experimental  prototypes  of  acidosis,  Walter's  acid  poison- 
ing and  Minkowski's  extirpation  of  the  liver,  the  anatomic  conditions  are 
entirely  different.  In  poisoning  by  hydrochloric  acid  there  are  no  promi- 
nent anatomic  lesions,  while  after  various  procedures  for  eliminating  the 
function  of  the  liver,  as  the  Eck  fistula  or  injections  of  acid  into  the 
bile  ducts,  this  organ  becomes  completely  necrotic.  Reviewing  the  clini- 
cal types  of  acidosis,  especially  their  pathologic  anatomy,  it  appears 
possible  to  separate  them  into  two  rather  distinct  classes  resembling  the 
two  experimental  types  above  mentioned.  This  division  may  be  based 
mainly,  in  one,  on  the  absence  of  anatomic  changes  in  the  viscera  and 
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presence  of  excessive  amounts  of  acetone  compounds  in  the  urine,  and, 
for  the  other,  on  the  occurrence  of  marked  degenei'ative  changes  in  the 
organs  and  the  presence  of  much  lactic  acid.  In  the  former  case  acids 
are  produced  in  excess  and  ammonia  is  diverted  to  neutralize  them. 
Here  the  formation  of  acids  is  the  primary  event,  while  the  diversion  of 
ammonia  is  a  compensatory  process.  In  the  latter  type  ammonia  appears 
in  excess,  not  to  neutralize  acids  but  from  failure  of  its  synthesis  into 
urea,  while  the  acids  result  partly  from  failure  of  urea  formation  but 
also  from  other  factors  in  the  disease.  Whatever  their  source,  some  of 
these  acids  unite  with  ammonia,  but  this  fact  does  not  prove  that  the 
process  is  merely  compensatory. 

Classification  op  Acidoses. 
Group  1. — Type:   Hydrochloric  Acid  Poisoning. 

Pathologic  Anatomy:    No  prominent  lesions. 

Pathologic  Chemistry:    Acetone  bodies  chiefly  present;  ammonia  proportional  to 

these  acids ;  amido-acids  slightly  increased. 
Clinical  Forms:   Diabetic  coma;  Kussmaurs  coma;  starvation. 

Group  2. — Type:  Extirpation  of  Ltver,  Eck  Fistula. 

Pathologic  Anatomy:    Extensive  fatty  degeneration. 

Pathologic  Chemistry:  Lactic  acid  abundant;  acetone  bodies  less  prominent;  am- 
monia in  excess  of  fatty  acids;  amido-acid  nitrogen  much  increased;  glucose 
frequently  present. 

Clinical  Forms:  Phosphorus  poisoning;  pernicious  vomiting  of  pregnancy;  aeute 
yellow  atrophy;  eclampsia;  delayed  chloroform  poisoning;  cyclic  vomiting. 

The  general  facts  on  which  this  division  is  based  are  contained  in 
previous  discussions,  but  some  further  grounds  may  be  briefly  reviewed 
in  its  support. 

In  diabetic  coma  the  urinary  chemistry  and  the  clinical  symptoms 
obviously  accord  with  the  type.  The  liver  in  diabetic  coma  varies  ex- 
tremely, but  in  uncomplicated  cases  usually  shows  a  striking  absence  of 
fatty  degeneration.  In  Naunyn's  series  of  thirty  autopsies  fatty  liver 
was  found  but  once  and  that  in  a  case  of  spontaneous  diabetes  in  a  dog. 
Minkowski  has  collected  many  reports,  most  of  which  indicate  that  fatty 
livers  are  comparatively  rare  in  diabetic  coma.  Fatty  liver  occurred  but 
once,  and  in  an  alcoholic  subject,  among  eleven  cases  of  diabetic  coma 
which  I  have  recently  collected.  Therefore  I  conclude  that  fatty  liver  is 
not  essential  in  diabetic  coma  in  man,  and  when  it  occurs  may  usually 
be  referred  to  complications. 

In  starvation  the  organs  undergo  a  process  of  simple  atrophy,  in 
which  fatty  changes  are  not  prominent  (Morpurgo).  In  the  earlier 
stages  of  hunger  in  dogs  there  may  be  a  moderate  deposit  of  fine  fat 
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granules  in  many  gland  cells,  but  these  disappear  in  the  late  stages 
(Nieolaides).  Extreme  grades  of  fatty  degeneration  are  apparently  quite 
unknown  in  simple  starvation.  In  the  urine  of  starvation  acidosis 
acetone  compounds  are  abundant  and  lactic  acid  scanty. 

On  the  other  hand,  all  the  forms  of  Group  2,  except  eclampsia,  are 
characterized  by  a  remarkable  grade  of  fatty  degeneration  of  the  liver 
and  often  of  other  organs.  In  eclampsia  fatty  degeneration  is  usually  not 
pronounced  but  acute  degeneration  or  autolysis  is  constant,  and  there  is 
reason  to  regard  this  change  as  of  more  significance  than  the  hemor- 
rhagic hepatitis. 

In  phosphorus  poisoning,  acute  yellow  atrophy,  and  eclampsia,  lactic 
acid  is  more  prominent  than  the  acetone  compounds,  but  in  the  other 
diseases  of  this  group  lactic  acid  has  not  been  fully  studied,  while  the 
presence  of  acetone  bodies  one  may  refer  to  complicating  acidosis  of  star- 
vation or  toxic  consumption  of  fats. 

In  the  second  group  the  severity  of  the  condition  is  much  greater 
than  in  the  first.  In  diabetes  and  starvation  the  metabolism  of  fats  is 
defective  owing  to  lack  of  carbohydrate  combustion,  while  the  structure 
of  the  organs  does  not  suffer,  but  in  phosphorus  poisoning  and  eclampsia 
the  liver  and  other  organs  are  severely  damaged  and  their  functions  are 
greatly  disturbed.  In  the  first  group  there  may  be  extreme  acidosis  with- 
out intoxication;  in  the  other  the  excess  of  acetone  compounds  is  slight, 
a  more  definite  toxic  element  is  present  from  the  first,  and  the  metabolic 
disorder  becomes  complex. 

Nencki  and  Hahn,  Denys  and  Stube,  and  Pick,  attributed  the  symp- 
tom following  destruction  of  the  liver  to  poisoning  by  ammonium  car- 
bamate, but  Lieblein  concludes  that  excess  of  ammonium  salts  does  not 
appear  until  the  last  stages  of  the  intoxication  and  that  the  symptoms 
must  be  attributed  to  the  loss  of  other  functions  of  the  liver.  The  physio- 
logic significance  of  carbamic  acid  has  not  been  satisfactorily  determined, 
owing  to  uncertainties  in  the  available  methods  (McLeod,  Haskins). 
The  relation  of  this  acid  to  the  urinary  ammonia  in  dogs  with  Eck  fistula: 
is  therefore  uncertain. 

In  diabetic  coma  the  abstraction  of  fixed  alkalies  is  very  probably 
an  important  factor,  while  in  other  conditions  this  infiuence  appears  less 
prominent,  the  alkalescence  of  the  blood  is  not  greatly  reduced,  and  poi- 
soning by  ammonium  salts,  if  we  may  accept  the  hypothesis  of  Hahn 
and  Nencki,  dominates  the  clinical  picture.  This  hypothesis  has  not 
gained  general  acceptance,  but  there  is  no  doubt  of  the  extreme  toxicity 
of  ammonium  salts  as  compared  with  that  of  the  acetone  bodies,  and 
any  one  who  compares  the  toxicity  of  these  agents  in  animals  can  not 
fail  to  be  impressed  by  the  comparative  harmlessness  of  the  acetone 
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bodies  and  violent  nervous  and  respiratory  symptoms  following  injections 
ammonia  salts.  Mendel  has  recently  urged  the  possible  importance  of 
the  toxicity  of  ammonium  salts  in  acidosis,  and  it  is  my  belief  that  there 
is  much  clinical,  pathologic  and  chemical  evidence  to  support  this  view 
for  certain  diseases  commonly  regarded  as  forms  of  acid  intoxication.  I 
am  not  prepared  to  argue  that  the  main  symptoms  of  all  these  diseases 
are  caused  by  ammonia  poisoning,  but  only  to  state  that  the  ammonia 
excretion  in  these  conditions  may  and  usually  does  have  an  entirely  dif- 
ferent significance  from  that  attaching  to  it  in  diabetes  and  simple  star- 
vation. 

Many  transitional  cases  of  acidosis  undoubtedly  occur,  as  the  toxic 
element  increases,  as  the  scope  of  defective  metabolism  widens,  and  the 
disturbance  becomes  more  complicated  by  visceral  lesions,  and  it  may  be 
that  the  transitional  and  complex  cases  are  so  numerous  as  to  destroy 
the  significance  of  any  attempt  at  classification.  In  the  toxemia  of 
pregnancy,  delayed  chloroform  poisoning,  and  cyclic  vomiting,  there  may 
be  extensive  burning  of  body  fats,  and  several  factors  may  combine  to 
raise  the  ammonia.  With  Wolf,  I  have  previously  emphasized  the  im- 
portance of  other  changes  in  the  nitrogen  partition,  especially  of  the 
amido-acid  ratio,  as  a  control  of  the  ammonia  and  as  indicating  the 
influence  of  other  disturbances  of  metabolism  quite  apart  from  the  signs 
of  acidosis. 

WTiile  the  typical  cases  of  both  classes  seem  to  be  quite  distinct,  the 
present  subdivision  can  be  suggested  only  as  an  hypothesis  the  validity  of 
which  must  be  determined  by  future  investigations. 

CONCLUSIONS. 

In  a  field  which  presents  the  most  varied  and  perplexing  of  clinical 
phenomena,  in  which  pathologic  anatomy  offers  uncertain  guidance,  and 
in  which  physiologic  chemistrj',  while  having  to  deal  with  many  uncer- 
tain technical  methods,  encounters  such  problems  as  the  alkalescence  and 
ion  concentration  of  the  blood,  the  general  significance  of  alkalies,  the 
more  complicated  processes  in  many  departments  of  metabolism,  includ- 
ing the  physiology  of  proteins,  carbohydrates,  and  fats,  as  well  as  that 
of  many  inorganic  principles  of  the  body — in  such  a  field  it  is  not  to  be 
expected  that  positive  answers  can  be  given  to  the  many  questions  that 
are  being  pressed.  One  must  await  further  progress  in  collateral  sciences 
before  the  significance  of  acidosis  can  be  fully  determined. 

It  is  superfluous  to  urge  the  need  of  further  work  in  all  departments 
of  this  study.  Prominent  among  the  requirements  seem  to  be  the  simpli- 
fication of  technical  methods,  the  further  elucidation  of  the  alkalescence 
and  acid-neutralizing  function  of  the  blood,  the  study  of  variations  in  the 
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alkali  content  of  the  organs,  of  the  quantities  of  acetone  compounds  and 
other  acids  in  the  blood  and  organs  of  many  diseases,  the  toxicity  of  acid 
substances  and  other  metabolic  products  when  combined  with  pre-existing 
lesions  of  the  organs,  and  the  more  complete  picture  of  nitrogenous 
metabolism  in  diseases  accompanied  by  acidosis. 

In  the  pursuit  of  these  topics  it  should  be  recognized  that  the  sig- 
nificance of  acetonuria  and  of  the  results  of  many  clinical  methods  of 
urine  and  blood  analysis  is  not  yet  clear  enough  to  render  simple  quali- 
tative tests  of  much  value;  yet  the  importance  of  work  of  this  type,  if 
only  from  an  educational  standpoint,  should  not  be  underestimated.  At 
the  same  time  it  must  be  urged  that  genuine  progress  can  be  attained 
only  by  the  most  accurate  methods  of  fully  equipped  chemical  and  patho- 
logic laboratories,  systematically  applied  in  cooperation  with  clinicians 
under  ideal  hospital  facilities. 

The  demands  of  the  future  need  not,  however,  obscure  the  importance 
of  the  results  already  secured.  The  work  on  acidosis  is  a  fundamental 
chapter  in  medical  science  revealing  in  a  trustworthy  manner  the  exact 
nature  and  degree  of  a  disturbance  of  metabolism  which  is  of  widespread 
occurrence  and  of  prime  significance  in  many  diseases. 

In  the  hands  of  the  clinician  it  places  a  Ineans  of  diagnosis  and  an 
insight  into  the  nature  of  disease  which  entirely  escape  the  reach  of 
former  methods  of  clinical  study. 

To  the  pathologic  anatomist  it  has  disclosed  the  main  factors  in  the 
pathogenesis  of  fatty  degeneration,  and  has  given  to  the  much-contemned 
autopsy  finding  of  fatty  liver  a  definite,  new,  and  lively  interest.  Head 
in  terms  of  physiologic  chemistry,  acute  degeneration  of  the  liver  be- 
comes a  topic  of  first  importance  to  the  pathologist. 

From  the  standpoint  of  physiologic  chemistry  the  results  seem  to 
show  that  acidosis  with  the  presence  of  acetone  compounds  usually  results 
from  abnormal  metabolism  of  body  or  food  fats  and  to  a  less  extent  of 
proteins,  in  which  defective  consumption  of  carbohydrates  is  an  essential 
factor,  and  excessive  excretion  of  ammonia  a  purely  compensatory  process. 

In  many  cases,  however,  there  is  a  toxic  or  specific  element  which 
interferes  with  consumption  of  carbohydrates,  even  when  these  are  pres- 
ent, and  leads  to  a  rapid  and  dangerous  burning  of  body  fats. 

In  a  third  group  of  cases  the  excess  of  ammonia  excretion  is  not  a 
compensatory  process,  but  the  result  of  disturbance  of  urea  formation, 
and  lactic  and  other  acids  appear  in  excess. 

The  therapeutic  importance  of  the  doctrine  of  acid  intoxication  has 
always  been  recognized  and  sometimes,  perhaps,  overestimated.  It  seems 
to  be  time  that  the  idea  of  a  fatal  abstraction  of  alkali  in  diabetic  coma 
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should  give  place  to  unbiased  search  for  other  factors  in  tills  disease, 
some  of  which  may  be  affected  by  treatment.  It  is  not  necessary  to  deny 
the  existence  of  acid  intoxication  in  order  to  recognize  that  the  alkali 
treatment  of  coma  has  been  a  signal  disappointment.  While  this  treat- 
ment certaintly  deserves  a  place  in  the  treatment  of  diabetes,  its  place 
must  be  secondary  since  there  is  no  claim  that  it  favorably  influences  the 
essential  process  in  the  disease.  The  remarkable  antiketogenic  effect  of 
glyconic  and  glutaric  acids  suggests  a  new  hope  in  the  treatment  of 
diabetic  acidosis,  but  I  learn  that  this  hope  has  already  met  with  disap- 
pointment. This  result  merely  emphasizes  the  fact  that  diabetic  coma 
is  something  more  than  acid  intoxication. 

On  the  other  hand,  it  is  not  necessary  to  know  all  about  the  origin 
and  pathogenic  relations  of  acidosis  to  see  the  clear  indications  that, 
whenever  present,  it  should  be  combated  by  carefully  adjusted  diet,  by 
other  hygienic  measures,  but  chiefly  by  prophylaxis.  Here  lies  the  great 
practical  value  of  the  studies  of  acidosis,  and  it  would  be  diflBcult  to 
overestimate  the  importance  to  the  practitioner  of  a  detailed  knowledge 
of  all  departments  of  the  subject,  and  an  ability  to  follow  up  its  clues, 
especially  in  administering  anesthetics,  in  the  choice  and  preparation  of 
subjects  for  operation,  in  the  management  of  pregnancy  and  labor,  in  the 
control  of  gastrointestinal  diseases  of  children,  and  in  the  general  plan 
of  dietetics  in  disease. 

The  study  of  acidosis  shows  one  thing  clearly :  that  the  feeding  of  the 
healthy  man,  as  well  as  the  diet  of  the  sick,  can  not  be  left  to  chance, 
guided  by  appetite,  or  ruled  by  tradition,  but  can  be  safely  directed  only 
according  to  the  laws  of  digestion  and  metabolism. 

Cornell  Laboratory. 
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Die  gegenseitige  Ausflockung  von  KoUoiden. 

Von 
Osoar  Teague  nnd  B.  H.  Buxton^). 

(AoB  dem  Department  of  Experimental  Pathology,  Loomis  Laboratory,  Cornell 
Medical  College,  New-Tork.) 

In  einer  fruhem  Mitteilung*)  ist  gezeigt  worden,  dass  bei  der 
gegenseitigen  Ausflockung  von  Farbstoffen  sowohl  die  Vollstandigkeit 
der  Ausflockung,  als  auch  die  Ausdehnung  der  Ausflockungszone  von 
der  mehr  oder  minder  kolloidalen  Natur  der  venvendeten  Farbstoffe 
abhangig  ist.  So  zeigen  Eostn  und  Bismarckbraun,  die  beide  leicht 
durch  Pergamentpapier  diffundieren,  bei  keiner  erreichbaren  Konzen- 
tration  vollstandige  Ausflockung  beider  Farbstoffe,  dagegen  eine  unvoU- 
kommene  Ausflockung  innerhalb  eines  weiten  Konzentrationsbereichs. 
Kongorot  und  Nachtblau  anderseits  sind  beide  hochkoUoidal  und  zeigen 
nor  dann  eine  Ausflockung,  wenn  sie  in  gewissen,  sehr  bestimmten 
Verhfiltnissen  zugegen  sind;  aber  bei  diesen  Verdtinnungen  ist  die  Aus- 
flockung ftir  beide  Farbstoffe  voUstandig,  so  dass  die  tiberstehende 
Fltissigkeit  farblos  wird.  Diese  Kegel,  welche  wir  die  ,36g6l  ^^^  kol- 
loidalen Ausflockung"  zu  nennen  vorschlagen,  wurde  fiir  eine  lange 
Reihe  von  untersuchten  Farbstoffen  als  gtiltig  befunden,  und  es  wurde 
bemerkt,  dass  sie  allgemeiner  Anwendbarkeit  fahig  sein  konnte,  oder^ 
mit  andem  Worten,  dass  sie  fiir  andere  koUoidale  Losungen  ebensogut 
Gultigkeit  besitzen  konnte,  wie  fiir  die  Farbstoffe.  Elnige  vorlaufige 
Versuche  mit  Bakterien,  welche  sich  der  Kegel  anzupassen  schienen,. 
sind  damals  ebenfalls  augegeben  worden,  und  die  vorliegende  Unter- 
suchung  sollte  dazu  dienen,  die  Frage  weiter  zu  beleuchten. 

Die  zu  den  Versuchen  verwendeten  Kolloide  waren  moglichst  ver- 
schiedener  Natur. 


^)  AuB  dem  Englischen  iibersetzt  von  W.  Neumann. 
")  Zeitschr.  f.  physik.  Chemie  60,  409  (1907). 
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Anorganisch 

Positiv 

Ferrihydroxyd' 
Aluminiumhydroxyd 

Negativ 

KoUoidales  Platin 

Arsensulfid 

Russ 

Organisch 
(alles  negative  Kolloide) 

Nicht  stickstoflfhaltig 

•y                     » 

Mastix 
Tannin 
Starke 

Stickstoffhaltig 

» 

»> 

Serum 

'Hamoglobin 
Lecithin 
Gelatine 

Mikroskopische  Suspensionen 

Bakterien 
Agglutininbakterien 

Als  Ausflockungsmittel  fur  diese  Reihe  von  Kolloiden  wahlten  wir 
eine  Anzahl  von  sauren  und  basischen  Farbstoffen  (von  Griibler  fur 
histologische  Farbezwecke),  die  in  Tabelle  1  angegeben  sind.  Ihr  rela- 
tiver  kolloidaler  Charakter  wurde  mit  Hilfe  der  Dialyse  durch  gewohn- 
liches  Pergamentpapier  gepriift  Die  hauptsachJichsten  benutzten  basi- 
schen Farbstoffe  dialysierten  in  der  Reihenfolge:  Methylenblau,  Neutral- 
rot,  Nilblau,  Janusgrtin,  Nachtblau.  Nach  der  Kegel  der  kolloidalon 
Ausflockung  soUte  die  Ausflockung  durch  diese  eine  negative  Ladung 
tragenden  Kolloide  im  Falle  von  Janusgrtin  und  Nachtblau  vollstandig 
sein,  und  zwar  mit  einer  engen  Ausflockungszone.  Mit  Methylenblau 
und  Neutralrot  dagegen  sollte  die  Ausflockung  unvoUstandig  und  die 
Ausflockungszone  weit  sein,  oder  es  sollte  moglicherweise  gar  keine 
Ausfallung  eintreten.  Nilblau  sollte  eine  Mittelstellung  einnehmen.  Ein 
fliichtiger  Blick  auf  die  Tabellen  lehrt,  dass  diese  Kegel  in  fast  alien 
Fallen  zutrifft.  Das  Verhalten  von  Neutralrot  ist  etwas  merkwiirdig. 
Es  scheint  durch  gewohnliches  Pergamentpapier  etwas  leichter  zu  dialy- 
sieren,  als  Eosin  oder  Alizarinrot,  aber  in  Schleicher  und  SchuUs 
Dialysierbechem  von  starkerm  Pergament  untersucht,  dialysiert  Neutral- 
rot verbal tnismassig  langsam,  so  dass  wir  es  in  unserer  letzten  Abhand- 
lung  zu  den  massig  kolloidalen  Farbstoffen  zahlten.  In  seinem  Aus- 
flockungsverhalten  erscheint  es  ausgesprochen  kolloidaler  als  Methylenblau, 
aber  weniger  kolloidal  als  Nilblau. 

Die  benutzten  sauren  Farbstoffe  dialysierten  in  der  Keihenfolge: 

.  Alizarinrot,  Eosin,  Biebricher  Scharlach,  Nigrosin,  Kongorot,  und  das 

basische  Feni-  oder  Aluminiumhydroxyd  sollte  daher  durch  Nigrosin 

oder  Kongorot  mit  einer  engen  Ausflockungszone  vollstandiger  ausge- 

flockt  werden,   als  durch  Alizarinrot  oder  Eosin,    welch  letztere  eine 
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weite  Zone  unvoUkommener  Ausflockung  besitzen  soil  ten.     Biebricher 
Scharlach  miisste  eine  Mittelstellung  einnehmen. 

Da  das  hier  hauptsachlich  Hervorzuhebende  die  relative  Breite  der 
Ausflockungszonen  ist,  haben  wir  es  fur  ratsam  gehalten,  die  Resultate 
von  jedem  Versuche  ausfuhrlich  anzugeben,  so  dass  ein  Blick  auf  die 
Tabellen  zur  Erkennung  der  Unterschiede  der  Wirkungsweise  kol- 
loidalerer  und  weniger  koUoidaler  Farbstoffe  geniigt.  Die  Tabellen 
hatten  erheblich  gektirzt  werden  konnen,  aber  dann  wtirde  jede  von 
ihnen  einiges  Studium  zur  Bewertung  der  Unterschiede  in  den  Aus- 
flockungszonen eriordem.  Jeder  Versuch  ist  wenigstens  einmal,  und 
viele  von  ihnen  sind  haufig  wiederholt  worden,  ohne  dass  irgend  welche 
bemerkenswerte  Abweichungen  aufgetreten  waren. 


Dialyse. 


TabeUe  1. 
Bei  Zimmertemperatur. 


nongorot  —  | 

TryiMuirot  —  | 

Nacbtblaa  + 

Janusgriin  -|- 


Xilblau 
Biebricher 
Scharlach 

Eosin 

Alizirinrot 
XeutraJrot 


+ 


+ 


Methylenblau  + 


Spur 


geriDge 

Spur 
gerlDge 

Spar 
gerlnge 

Spar 
deatl. 

Spur 


Spur 
Spur 
Spur 
Spur 

+  -h 


Spur 
Spur 
Spur 


Spur 
Spur 
Spur 

+  + 


Spur 

+ 

-f 

-f 
+  + 

+  + 


+  + 


+  + 
4-  + 


+ 

+  +  + 

+  +  -f 

+  +  + 
+  +  + 
+  +  + 


Spur 


+  + 


Es  mogen  jetzt  die  einzelnen  Tabellen  erlautert  werden.  Die  Ta- 
bellen 2  und  3  geben,  als  Auswahl  unter  einer  sehr  grossen  Anzahl 
von  Versuchen,  Beispiele  von  der  Art  und  Weise,  in  welcher  die 
Wirkung  der  Farbstoffe  aufeinander  zur  vorlaufigen  Feststellung  unter- 
sucht  wurde,  wobei  gewisse,  in  den  fruhem  Versuchen  noch  nicht 
benutzte  Farbstoffe,  z.  B.  Trypanrot,  Janusgriin,  Nigrosin,  Biebricher 
Scharlach  Anwendung  fanden.  Die  Ausflockung  zeigt  nach  beiden 
Tabellen  Anpassung  an  die  oben  ausgesprochene  Kegel  der  kolloidalen 
Ausflockung;  Trypanrot,  das  hochkoUoidal  ist,  gibt  mit  Janusgriin  und 
Xachtblau  sehr  enge  Zonen,  aber  sehr  weite  mit  Neutralrot  und  Methylen- 
blau,  obgleich  das  dazwischenliegende  Nilblau  eine  engere  Zone  zeigt, 
als  theoretisch  zu  erwarten  ware. 

Zflitochrift  t  phTBik.  Chemie.    LXU.  19 
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Tabelle  2. 


Hochkolloidalei 

saurer  Farbstoff  mit  verschiedenen  basischen  Farbst 

offen. 

Trypanrot 

HochkoUo 

idgftltige  Verdflnnung 

; 

Fe{OH)s  und 

idaleFarb- 

Mfifisig 

1    Wenig  koUoidale 

basiscbeFarb- 

Basisches 

Btoffe 

kolloidal 

Farbstoffe 

Nr. 

stoffe. 

EndgUltige 

Verdflnnung 

Hydroxyd 
Fe(OH\ 

Nachtblau 

JanuBgrfln 

Nilblau 

Neutralrot 

Methylen- 
blau 

1 

V,o                       -         1 



1 

+  +  + 

2 

V.0 

— 

— 

— 

+  +  + 

3 

V«o 

-f 

— 

— 

— 

+  +  4- 

4 

V«o 

+++ 

— 

— 

— 

+  +  + 

5 

ViOO 

++  + 

— 

— 

___ 

+ 

+  +  + 

6 

Vi.o 

+  +     i 

— 

+ 

— 

4- 

+  +  + 

7 

Vl40t 

~~       1 

-      '    +++   ! 

— 

++  + 

4-+-^ 

8 

V.60 

++-f 

—       t 

— 

++  + 

++-f 

9 

Vi8. 

—       1 

— 

— 

— 

+  +  + 

++-h 

10 

'V.00 

— 

— 

— 



+++ 

++-^ 

11 

V*40 

—       1 

— 

— 

+++ 

+++ 

+4-4- 

12 

V28O 

— 

— 

—       i 

— 

-f++ 

4-4-h 

13 

/sso 

— 

— 

— 

— 

+++ 

4-4-4- 

14 

V.«o 

— 

— 

1 

— 

i    -^t^ 

— 

16 

V400 

— 

— 

"""       1 

'        + 

— 

16 

V4ao-Voo 

—       1 

— 

— 

— 

— 

Tabelle  3. 
HochkoUoidaler  basischer  Farbstoff  mit  verschiedenen  sauren  Farbsto£fen. 


Janusgrun,  endgflltige  Verdflnnung:  VaooVo- 

Saure  Farb- 

1 Hocbkolloidale  Farb- 

M&ssig 

Wenig  kolloidale  Farb- 

stoffe. 

'                stoffe 

kolloidal 

stoffe 

Nr. 

Endgflltige 



i 

1 

Verdflnnung 

j   Kongorot 

Nigrosin 

Biebricher 
Scharlach 

Eosin 

Alizarin - 
rot 

1 

V,o 

*        



? 

— 

2 

V40 

— 

— 

__         1 

4-4-4- 

— 

3 

Veo 

— 

— 

4-4-4- 

— 

4    ' 

Vbo 

— 

— 

— 

4-4-4- 

+  +  + 

5 

Vioo 

— 

— 

— 

4-4-4- 

+++ 

6 

Vi,0 

— 

— 

— 

4-4-+ 

+++ 

7 

'140 

— 

— 

—        1 

+++ 

+++ 

8 

J/ 
/I6O 

— 

— 

+++ 

+++ 

9 

V.,. 

— 

— 

— 

+++ 

++  + 

10 

•/.«, 

— 

— 

4- 

+++ 

+++ 

11 

v.«, 

— 

4-4-4- 

4-4-4- 

+++ 

+++ 

12 

V,s. 

— 

4-4- 

4-4-4- 

+++ 

+++ 

18 

v„. 

— 

4- 

4- 

+++ 

+++ 

14 

•/,« 

— 

— 

4- 

+++ 

+++ 

15 

V*.. 

4- 

— 

4- 

+++ 

+++ 

16 

V4«. 

4-4-4- 

— 

— 

— 

+++ 

17 

•/«. 

— 

— 

— 

— 

+++ 

18 

Vm. 

— 

— 

— 

— 

+++ 

19 

,  Vm, 

— 

— 

— 

— 

20 

v«.-v» 

— 

— 

— 

— 
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Des  weitem  zeigt  das  hochkolloidale  basische  Janusgriin  enge 
Flockungszonen  mit  Kongorot  und  Nigrosin  eine  etwas  weitere  Zone 
mit  Biebricher  Scharlach,  wahrend  mit  Eosin  und  Alizarinrot  die  Zonen 
noch  viel  weiter  sind.  Dieses  Verhalten  entspricht  in  jeder  Hinsicht 
der  angefiihrten  Kegel. 

Die  Ausflockung  mit  Methylenblau  und  Neutralrot  in  Tabelle  2 
und  mit  Eosin  und  Alizarinrot  in  Tabelle  3  ist  als  +  +  +  bezeichnet 
worden,  da  eine  betr&chtliche  Ausfallung  stattgefunden  hat,  obgleich  in 
keinem  dieser  Falle  die  tiberstehende  Blussigkeit  farblos  erschien,  wie 
dies  bei  der  Optimalverdunnung  fur  zwei  hochkolloidale  Farbstoffe 
inmier  zutrifft 

Tabelle  4. 
EoUoidale  basische  Hydroxyde  mit  sanren  Farbstoffen. 


8«iire 
Farbstoffe. 
Bn^ltige 

' 

Ferrihydroxyd  Vw-original 

1       Aluminiuml] 

lydroxyd 

V50- original 

Nr. 

'  Hochkolloidal 

Massig 

kolloidal 

Wenig  kolloidal 

Hochkolloidal 

M&ssig 
kolloidal 

Wenig  kolloidal 

7. 

t 

KODgO- 

rot 

MigroBin 

Biebricher 
Scharlaoh 

Eodn 

Aiixarin- 
rot 

Eongo- 
rot 

Migrodn 

Biebricher 
Scharlach 

EoBin 

AUaarin- 
rot 

1 

!  y  ■ 





+  +  + 

+  + 



1 

+++ 

? 

__ 

2 

i     V«      : 

— 

— 

+++ 

+  + 

— 

—      1 

+  +  + 

+  + 

— 

3 

1    •/«     ! 

— 

— 

4-I-  + 

+  -f 

— 

~~* 

-      1 

+  +  + 

+  + 

— 

4 

'r 

— 

— 

+++ 

+  4- 

1 

+++ 

+  +  + 

+  + 

— 

a 

■    •- 

— 

— 

++  + 

t  +  + 

____       I 

— 

+++ 

+  +  + 

+  + 

+ 

6 

.   •/,«, 

— 

— 

4-f+ 

+  + 

—      1 

+  + 

+++ 

+  +  + 

+  + 

+ 

7'!         VX4.        I 

— 

— 

+++ 

4-  + 

—     ! 

++  + 

— 

+  +  + 

+  + 

+++ 

8 

!      '/.„     1 

— 

— 

++  + 

+  ^ 

— 

+  +  + 

—      I 

++  + 

— 

+++ 

9 

1   '/.» 

— 

■4-4-+ 

+  ++ 

4-4- 

— 

— 

— 

+  +  + 

— 

+  +  + 

10 

1/           ' 

'SO*         1 

— 

+++ 

+++    1   +-I- 

— 

— 

— 

+  +  + 

— 

++  + 

11 

'     Vu.    1 

— 

+-f+ 

1   4-++    1   +  + 

1 

— 

— 

+ 

— 

+ 

12 

■       '/m.      ■ 

-hH-+ 

+++ 

++-f  ; 

4-4- 

— 

— 

— 

— 

— 

+ 

13 

1/ 

-\-++ 

+ 

+++  ! 

4-4- 

— 

— 

— 

— 

— 

— 

14 

;     Vmo 

-f-++ 

+ 

+++ 

4-4- 

4- 

— 

— 

— 

— 

— 

15 

''4.. 

++4- 

— 

1  +++ 

4- 

4- 

— 

—      1 

— 

1    — 

— 

16 

'l^ 

-f -f 

— 

i     + 

— 

4-4-4- 

— 

1 

— 

— 

17 

v«. 

-f 

— 

I     +     ' 

— 

+  4-4- 

— 

—       ' 

— 

— 

18 

1*40 

— 

"~~ 

— 

— 

+++ 

— 

—      I 

— 

— 

— 

19 

%to 

— 

—        — 

++  + 

— 

—      , 

— 

'    — 

— 

20 

V«o 

— 

— 

—     >    — 

+  + 

— 

—      1 

— 

,    — 

— 

21 

.       Vto 

'     — 

— 

—     (    — 

— 

— 

— 

—       1 

1  z 

— 

22 

V„..-Voo 

,    — 

— 

— 

.    — 

— 

— 

— 

—       ' 

— 

Tabelle  4  ist  eine  Wiederholung  von  Tabelle  3,  mit  dem  Unter- 
schied,  dass  Ferri-  und  Aluminiumhydroxyd  an  Stelle  von  Janusgriin 
verwendet  werden.  Die  Hydroxyde  waren  durch  Ffillung  des  Chlorids 
mit  Kalilauge,  Zusatz  eines  Oberschusses  des  Chlorids  und  lang  fori:- 
gesetzte  Dialyse  hergestellt  worden.  Das  Ferrihydroxyd  wurde  uns 
von  Herm  Dr.  Field  vom  „New-Tork  Health  Department*'  freundlichst 
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zur  Verfugung  gestellt.  Die  ursprtingliche  Aluminiumhydroxydlosung 
war  starker,  als  die  Losung  von  Femhydroxyd,  so  dass  ftir  erstere 
Losung  die  AusfiockuDgszone  in  der  Tabelie  weiter  oben  liegt,  aber 
im  Prinzip  sind  beide  Falle  gleich,  und  die  Kegel  der  koUoidalen  Aus- 
flockung  wird  in  alien  Fallen  befolgt,  ausgenommen  den  Fall  von  Ali- 
zarinrot  Diese  sehr  ausgesprochene  Ausnahme  ist  im  Hinblick  auf 
die  Tatsache  von  Interesse,  dass  die  Alizarine  mit  den  Metallhydroxyden 
besonders  bestandige  Lacke  bilden.  Die  Stabilitat  dieser  Lacke  soil 
eine  Funktion  der  OjEf-Gruppierung  des  Alizarinradikals  sein  [George- 
vicz^),  Nietzki^)  und  andere  Autoritaten]. 

In  diesem  Ausnahmefall  scheint  daher  die  Konstitution  des  Farb- 
stoffs  der  Hauptfaktor  fur  die  VoUstandigkeit  der  Ausflockung  und  die 
Ausdehnung  der  Vorzone  zu  sein. 

Tabelie  5. 
Organische  Kolloide.    KoUoidales  Platin  und  Arsensulfid. 
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1 
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Tabelie  5  zeigt  die  Resultate  mit  den  anorganischen  Kolloiden 
Platin  und  Arsensulfid.  Das  kolloidale  Platin  wurde  nach  der  Bredig- 
schen  Methode  durch  Erzeugung  eines  Lichtbogens  unter  "Wasser  her- 
gestellt,  und  sein  Verhalten  bei  der  Ausflockung  scheint  der  oben  er- 
wahnten  Kegel  zu  entsprechen. 


M  Chemical  Technology  of  the  textile  fibres,  tibersetzt  von  Salter,  1902. 
«j  Organische  Farbstoffe.     5.  Aufl.  1906. 
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Zur  HersteUung  des  Arsensulfids  wurde  arseDige  Saure  in  destil- 
liertem  Wasser  gekocht  und  die  Losuug  in  Schwefelwasserstoffwasser 
gegossen,  worauf  der  tJberschuss  an  H2S  durch  einen  Wasserstoffetrom 
vertrieben  wurde.  Arsensulfid  schoint  eine  Ausnahme  von  der  Kegel 
der  koUoidalen  Ausflockung  zu  bilden,  da  Neutralrot  nnd  Methylenblau 
ganz  ebenso  enge  Zonen  zeigen,  wie  Nachtblau  und  Janusgnin.  Es 
ist  moglich,  dass  Spuren  von  in  der  Losung  verbliebenem  H^S  zu 
diesem  abnormen  Verhalten  beigetragen  haben,  da  fliS- Wasser  selbst 
eine  geringe  Ausflockungswirkung  auf  Methylenblau  austibt  Der  Ver- 
such  ist  deshalb  nicht  tiber  jeden  Verdacht  erhaben. 

Tabelle  6. 
Nichtstickstoffhaltige  organische  Kolloide,    Mastix  und  Tannin. 
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Tabelle  6.  —  Nichtstickstoffhaltige  Kolloide.  Mastixsuspension  und 
Tanninlosung. 

Zur  Bereitung  der  MastixJosung  wurden  10  ccm  einer  gesattigten 
alkoholischen  LSsung  langsam  zu  90  ccm  Wasser  gefiigt,  und  diese  Lo- 


Digitized  by 


Google 


294 


Oscar  Teague  und  B.  fl.  Buxton 


sung  wurde  nach  Bechholds  Vorgang  „orig."  genannt  Zu  den  Yer- 
suchen  wurde  die  „Original"-Suspen8ion  filtriert  und  auf  das  Dreissig- 
fache  verdtlnnt  Mastix  scheint  der  Regel  der  kolloidalen  Ausflockung 
zu  folgen,  da  die  Zonen  fur  Nachtblau  und  Janusgriin  besonders  eng, 
aber  fur  Neutralrot  und  Methyienblau  weit  sind.  Im  Falle  des  Nilblaus 
tritt  eine  Unregelmassigkeit  in  der  Ausflockungszone  auf:  ein  Beispiel 
fiir  die  Bechholdschen  „unregelmassigen  Reihen".  Derartige  Unregel- 
massigkeiten  kommen  auch  in  manchen  der  iibrigen  Tabellen  vor,  Bollen 
aber  in  dieser  Abhandlung  nicht  weiter  erortert  werden. 

Mit  Vio^/oig^n^  Tannin  finden  wir  fiir  Nachtblau  und  Janusgriin 
ziemlich  breite  Zonen,  wahrend  die  drei  weniger  kolloidalen  Farbstoffe 
tiberhaupt  keine  Ausflockung  hervorrufen.  Ferrihydroxyd  zeigt  eine 
breite  Zone,  und  in  andem  Versuchen  mit  1-  und  3^/oiger  Tannin- 
losung  entstand  in  jedem  Rohrchen  eine  deutliche  Fallung,  zweifelos 
infolge  der  Bildung  eines  Eisentannats,  das  bei  alien  Verdtinnungen 
unloslich  ist  Infolgedessen  ist  die  Regel  der  kolloidalen  Ausflockung 
hier  nicht  anwendbar. 


Tabelle  7. 

Stickstoffhaltige  KoUoide. 

Lezithin  und  H&moglobin. 
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Tabelle  8. 
Stickstoffhaltige  Eolloide. 
Serum  erhitzt  und  nicht  erhitzt. 
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Tabellen  7  und  8.  —  Stickstoffhaltige  KoUoide,  Lecithin,  Hemo- 
globin und  Blutserum. 

Lecithin.  3  ccm  einer  gesattigten  alkoholischen  Losung  von  Lecithin 
warden  zu  100  ccm  Wasser  gefiigt,  die  Suspension  wurde  darauf  zur 
Vertreibung  des  Alkohols  eine  Stunde  lang  auf  dem  Wasserbade  er- 
hitzt und  mit  weitem  100  ccm  Wasser  verdiinnt  Abgesehen  davon, 
dass  die  Ausflockimg  mit  Nachtblau  etwas  unvoUkommen  ist,  wird  die 
Kegel  gut  befolgt. 

Hamoglobin.  Die  roten  Blutkorperchen  von  20  ccm  defibriniertem 
Schafblut  warden  viermal  mit  7^/oiger  Rohrzuckerlosung  gewaschen, 
um  das  Serum  zu  entfemen,  und  dann  in  100  ccm  Wasser  der  Hamo- 
lyse  unterworfen.  Die  entstehende  Losung  wurde  filtriert  und  auf  das 
Fonffache  verdiinnt,  da  sich  diese  Verdiinnung  als  fiir  die  Versuche 
passend  erwies. 

Die  Begel  der  kolloidalen  Ausflockung  gilt  auch  fiir  das  Hamoglo- 
bin, obgleich  die  Ausflockungszone  mit  den  hochkolloidalen  Farbstoffen 
von  betrachflicher  Ausdehnung  ist.  Die  wenig  kolloidalen  Farbstoffe 
reagieren  wenig  mit  dem  Hamoglobin. 


Digitized  by 


Google 


296  Oscar  Teague  und  B.  H.  Buxton 

Tabelle  8.  Kaninchenserum  wurde  auf  ^j^q  verdtiiint  iind  die  Halfte 
des  verdtinnten  Serums  dann  eine  Stunde  erhitzt  Bei  dieser  Verdtin- 
nung  koaguliert  das  Serum  dutch  Kochen  nicht,  und  die  Fliissigkeit 
bleibt  vollkommen  klar.  In  dem  angefiihrten  Beispiel  wurde  das  Serum 
nicht  vorher  dialysiert,  aber  Versuche  mit  eine  Woche  lang  dialyaiertem 
Serum  haben  praktisch  ahnliche  Resultate  geliefert.  Bei  einer  Verdiin- 
nung  von  %q  betragt  der  Salzgehalt  nicht  mehr  als  0-045  ^/o  oder  un- 
gefahr  ^j^^q  Normalitat,  eine  Konzentration,  welche  keine  beachtenswerte, 
erweiternde  Wirkung  auf  die  Ausflockungszone  austibt  Das  Serum 
wird  in  Ubereinstimmung  mit  der  Kegel  ausgefiockt  Die  TJnterschiede 
zwischen  dem  nicht  erhitzten  und  dem  erhitzten  Serum  werden  spater 
erortert  werden. 

Tabelle  9. 

Mikroskopische  Suspensionen. 
Typhusbazillen :  normal  und  Agglutinin. 
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Tabelle  9.     Bakterien  und  Agglutininbakterien.    Typhusbazillen,  in 
0-5^/oiger  Formaldehydlosung  suspendiert  und  dialysiert     Ein  Teil  der 
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dialysierten  Bakterien  wurde  mit  verdtinntem,  dialysiertem  Immunserum 
behandelt  und  durch  Zentrifugiereii  griindlich  gereinigt  Die  so  be- 
handelten  Bakterien  nennen  wir  „Agglutiiiinbakterien".  Fur  den  in  der 
Tabelle  angeftihrten  Versuch  wurden  die  beiden  Suspensionen  in  mog- 
lichst  gleicher  Starke  hergestellt  Die  Zonen  ftir  die  hochkoUoidalen 
Farbstoffe  sind  in  beiden  Fallen  etwas  weit,  aber  die  Ausflockung  ist 
bei  gewissen  Konzentrationen  vollstandig,  wjlhrend  von  den  wenig  kol- 
loidalen  Farbstoffen  die  Normalbakterien  sehr  wenig  in  Mitleidenschaft 
gezogen  werden;  die  Agglutininbakterien  indessen  deutlich  starker. 

Tabelle  10. 
Rubs,  Gelatine  und  St&rke. 


1 

Fe[OH\ 

Ross 

Starke 

Gelatine  V4% 
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\ 

Nr.  ' 
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— 

— 
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— 

— 
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— 

— 

+ 

— 

— 

— 
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— 

— 

4- 

— 

— 

— 
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— 

— 

9 

•/.«             i 

— 

— 

4- 

— 

— 

— 
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— 

1 
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— 
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— 

— 

— 

— 
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— 
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— 

— 

— 

— 
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— 

Tabelle  10.  Russ,  Starke  und  Gelatine.  Diese  drei  Stoffe  erfor- 
dem  keine  besondere  Bemerkung  und  sind  in  eine  Tabelle  zusammen- 
gefasst  worden,  um  zu  zeigen,  dass  sie  sich  der  Regel  anpassen. 

Allgemeine  Erdrterung  der  Tabellen  2  bis  10. 
Die  Tabellen  zeigen  sehr  deutlich,  dass  die  Regel  der  koUoidalen 
Ausflockung  im  allgemeinen  gultig  ist,  und  unter  der  Annahme,  dass 
die  Regel  verlasslich  ist,  konnen  wir  sie  zur  Beurteilung  des  relativen 
Grades  der  koUoidalen  Natur  der  untersuchten  Substanzen  verwenden, 
indem  wir  von  der  uns  bereits  bekannten  relativen  koUoidalen  Natur 
der  Farbstoffe  zurlickschliessen. 
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Einige  der  uatersuchten  Kolloide  zeigen  mit  den  hochkoUoidalen 
Farbstoffen  sehr  enge  Ausflockungszonen.  Das  zeigt  sich  besonders 
deutlich  bei  Mastix,  kolloidalem  Platin  und  Arsensulfid,  so  dass  wir 
diese  Stoffe  als  in  einem  hochkoUoidalen  Zustand  befindlich  betrachten 
konnen.  AnSerseits  zeigen  Normalserum,  Hamoglobin  und  besonders 
Tannin  verhaltnismassig  weite  Ausflockungszonen  mit  den  hochkoUoi- 
dalen und  geringe  oder  gar  keine  Ausflockung  mit  den  wenig  koUoi- 
dalen  Farbstoffen,  und  es  kann  daher  geschlossen  werden,  dass  diese 
Stoffe  selbst  relativ  wenig  koUoidal  sind. 

Indem  wir  diese  Betrachtungsweise  weiter  ftihren,  finden  wir,  dass 
obgleich  die  Ausflockungszonen  von  Lecithin,  Gelatine  und  Starke  mit 
hochkoUoidalen  Farbstoffen  eng  sind,  diese  Kolloide  doch  dutch  wenig 
koUoide  Farbstoffe  unvoUkommen  oder  gar  nicht  ausgeflockt  werden. 
Diese  Stoffe  zusanunen  mit  erhitztem  Serum  und  Bakterien  scheinen 
eine  Mittelstellung  einzunehmen,  welche  derjenigen  von  IfUblau  und 
Biebricher  Scharlach  entspricht,  und  sie  konnten  daher  als  massig  kol- 
loidal  klassifiziert  werden. 

Hober^)  gibt  die  folgenden  durch  Siede-  oder  Gefrierpunkts- 
messungeu  annahemd  bestimmten  Molekulargewichte: 

St&rke  25000 

Eiweiss  (aus  Eiem)    14000 
Tannin  3500. 

Wir  haben  Starke  als  massig  koUoidal  und  Serumeiweiss  als  wenig 
koUoidal,  aber  doch  deutlich  starker  koUoidal  als  Tannin,  betrachtet 

Die  Beobachtungen  tiber  Hamoglobin,  Serum  und  Bakterien  seien 
in  diesem  Zusammenhang  weiter  erortert  Obgleich  das  Eiweiss  des 
Hamoglobins  und  des  Serums,  nach  unserm  Massstab  beurtiBUt,  relativ 
wenig  koUoidal  zu  sein  soheint,  so  wissen  wir  doch,  dass  es  nicht  durch 
Pergamentpapier  dialysiert,  und  dieses  Verhalten  bei  der  Dialyse  kann 
auf  die  Grosse  der  einzelnen  Molekule  zuriickgefuhrt  werden.  Vom 
Hamoglobin  nimmt  man,  nach  Schatzungen  von  chemischen  Gesichts- 
punkten  aus,  an,  dass  es  ein  Molekulargewicht  von  ungefahr  14000 
besitzt  Dies  entspricht  dem  Molekulargewicht  des  Hilhnereiweisses, 
wie  es  sich  nach  der  Gefrierpunktsemiedrigung  -ergibt,  eine  tJberein- 
stimmung,  die  darauf  hindeutet,  dass  Eiweissstoffe  ihre  koUoidalen 
Eigenschaften  eher  der  Grosse,  als  der  Aggregation  ihrer  Molekule  ver- 
danken.  Man  wird  daher  von  ihnen  erwarten,  dass  sie  sich  hinsicht- 
lich  der  Ausflockung  mehr  wie  die  wenig  koUoidalen,  als  wie  die  hoch- 


^)  Physikalische  Ghemie  der  Zelle. 
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koUoidalen  Farbstoffe  verhalten  werden,  fiir  welch  letztere  eher  die 
Aggregation  als  die  Grosse  der  Molekiile  der  Hauptfaktor  bei  der  Aus- 
flocktmg  zu  sein  scheint 

Die  Betrachtung  der  Tabelle  8  (Serum  nicht  erhitzt  und  erhitzt) 
zeigt  sehr  deutlich,  dass  Erhitzen  die  Ausfloekungszonen  fiir  die  hoch- 
koUoidaleu  Farbstoffe  einengt  und  das  Ausflockungsvermogen  der  schwach- 
koUoidalen  Farbstoffe  erhoht,  bis  zu  einem  gewissen  Grade  eine  Be- 
statigung  unserer  Behauptung,  denn  es  ist  allgemein  anerkannt,  dass 
das  Kochen  des  Serums  die  Grosse  der  Eiweissaggregate  erhoht  und 
daher  —  in  Dreapers^)  Ausdrucksweise  —  die  Loslichkeit  degradiert 
Bei  hoher  Eonzentration  des  Serums  zeigt  sich  diese  Degradation  der 
Loslichkeit  durch  Koagulation  an,  bei  hoher  Verdtinnung  aber  nur  durch 
eine  Erhohung  der  Grosse  der  Aggregate,  ohne  sichtbare  Veranderung. 

Wenden  wir  uns  der  Tabelle  9  tiber  Bakterien  imd  Agglutinin- 
bakterien  zu,  so  finden  wir,  dass,  obgleich  mit  den  hochkolloidalen 
Farbstoffen  die  Ausfloekungszonen  in  der  Tabelle  viel  tiefer  liegen,  sie 
doch  ungefahr  ebenso  breit  sind,  wie  im  Falle  der  Normalbakterien. 
Diese  Tatsache  scheint  darauf  hinzudeuten,  dass  die  Grosse  der  Aggre- 
gate nicht  zugenommen  hat,  und  das  ist  zu  erwarten,  da  in  destillier- 
tem  Wasser  suspendierte  Agglutininbakterien  erst  nach  Zusatz  eines 
Elektrolyten  Neigung  zur  Ausflockung  zeigen.  Field  und  Teague*) 
haben  gezeigt,  dass  Typhusagglutinin  im  elektrischen  Strom  zur  Kathode 
wandert,  also  eine  positive  Ladung  tragt,  und  wir  haben  hfiufig  be- 
obachtet,  dass  Agglutininbakterien  zur  Anode  wandem,  obgleich  weniger 
bereitwillig  wie  Iformalbakterien.  Die  niedrlgere  Stelluug  der  Aus- 
floekungszonen der  Agglutininbakterien  in  Tabelle  9  mag  daher  riihren, 
dass  die  elektrischen  Ladungen  durch  das  Agglutinin  teilweise  neutra- 
lisiert  wurden,  so  dass  weniger  vom  positiven  Kolloid  erforderlich  ist 
um  Aggregation  mit  darauffolgender  Ausfallung  hervorzurufen,  als  bei 
Normalbakterien  notig  gewesen  ware. 

Vom  Standpunkte  der  Begel  der  koUoidalen  Ausflockung  nehmen 
wir  als  Unterschied  zwischen  erhitztem  Serum  und  Agglutininbakterien 
an,  dass  beim  erhitzten  Serum  die  mit  dem  Farbstoffe  reagierenden 
urspriingUchen  Aggregate  grosser  sind,  als  beim  normalen  Serum,  so 
dass  ein  tJberschuss  des  erhitzten  Serums  besser  imstande  ist,  den  Nie- 
derschlag  aufzulosen,  als  ein  tfberschuss  des  normalen  Serums.  Im 
FaUe  der  Agglutininbakterien  sind  die  ursprtinglichen,  mit  dem  Farb- 
stoff  reagierenden  Aggregate  nicht  grosser  als  bei  den  Normalbakterien, 

»)  Jonm.  Soc.  Chenu  Industry  24,  228  (1905). 
•)  Journ.  Exp.  med.  9,  86  (1907). 
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SO  dass  ein  tJberschuss  den  Niederschlag  nicht  leichter  auflost,  als  ein 
Cberschuss  von  Normalbakterien. 

Nachdem  wir  nun,  wie  wir  glauben,  die  Giiltigkeit  der  Kegel  der 
kolloidalen  Ansflockung  festgestellt  haben,  konnen  wir  zu  einem  andem 
Punkt  im  Verhalten  der  Farbstoffe  ubergehen,  welcher  sich  allmahlich 
unsererAufmerksamkeit  aufgedrHngt  hat,  dass  nftmlich  im  Optiraalpunkte 
der  AusQockung  die  beiden  Farbstoffe  in  aquimolekularen  Mengen  vor- 
handen  sind,  und  das  Salz  quantitativ  in  Freiheit  gesetzt  wird.  Bayliss^) 
und  andere  haben  beobachtet,  dass  bei  der  Herstellung  der  neutralen 
Methylenblau-Eosinfarbe  Xa  und  CI  quantitativ  frei  werden.  Es  ist 
auch  nach  Georgevicz  festgestellt,  dass  beim  Farben  von  Gespinsten 
mit  basischen  oder  sauren  Farbstoffen  die  Saure,  resp.  das  Alkali,  in 
Freiheit  gesetzt  wird,  und  um  das  Freiwerden  der  Farbbase  oder  -sfiure 
zu  unterstlitzen,  werden  die  Gespinste  ftir  saure  Farbung  in  einem 
sauren  Bad  und  ftir  basische  Fftrbung  in  einem  alkalischen  Bad  be- 
handelt 

Matthews*)  scheint  der  erste  gewesen  zu  sein,  der  die  Griinde 
ftir  eine  solche  Behandlung  bei  histologischen  FSrbungen  untersuchte 
und  erlauterte. 

Wenngleich  wir  nicht  versucht  haben,  genau  nachzuweisen,  dass 
bei  der  gegenseitigen  Fallung  zweier  Farbstoffe  in  aquimolekularem 
Yerhaltnis  das  Salz  quantitativ  in  Freiheit  gesetzt  wird,  so  haben  wir  doch 
gentigend  viel  rohe  Versuche  angestellt,  die  dies  wahrscheinlich  machen. 
Unser  Augenmerk  war  hauptsachlich  darauf  gerichtet,  nachzuweisen, 
dass  wenn  vollkommene  Ausfallung  zweier  Farbstoffe  eintritt,  sie  immer 
in  aquimolekularem  oder  annahemd  fiquimolekularem  Verhaltnis  vor- 
liegen.  Als  Beispiel  sei  folgendes  erwahnt:  Kongorot,  mit  dem  Mole- 
kulargewicht  698  ist  in  ^200%!?^^  Losung  ^/i396o-™ol-j  ^^^  da  Kongorot 
zwei  Natriumsulfogruppen  besitzt,  so  wtirde  die  fiquimolekulare  Losung 
von  Nachtblau  ^/g^go-mol.  in  bezug  auf  letzteres  sein.  Wahlen  wir  Nacht- 

blau,  so  wtirde  der  optimale  Ausflockungspunkt  in  Xtic-    oder 

Ypjv ^/o^g^r  Losung  liegen,  wenn   das  Kongorot  ^200^/0^?  ist     Indem 

wir  die  Konzentration  von  Vi22^lo  *'s  „Mittelpunkf'  wfthlten,  stellten  wir 
mit  engen  Tntervallen  eine  Reihe  von  Losungen  verschiedener  Konzen- 
tration her,  die  mit  dem  Kongorot  gemischt  wurden.  Die  Resultate  sind 
in  Tabelle  11,  Kolonne  1   enthalten.     Die  Ausflockung   wurde   zuerst 

>)  Biochemical  Journ.  1,  175  (1906). 
*)  Am.  Journ.  of  Phys.  1,  445  (1898). 


Digitized  by 


Google 


Gegenseitige  Ausflockung  von  Kolloiden. 


301 


in  der  ^Im^joig^^  Losung  sichtbar  und  war  bei  dieser  Konzentration 
nach  24  Stunden  vollstandig,  so  dass  die  tiberstehende  Flussigkeit  farb- 
los  war.  In  ^j^^o-  und  ^iss^/o^g^r  Losung  dagegen  war  die  Flussigkeit, 
obgleich  scheinbar  vollkommene  Ausflockung  stattgefunden  hatte,  ge- 
&rbt,  ein  Zeichen  dafiir,  dass  uberscbiissiger  Farbstoff  in  der  Losung 
vorhanden  war.  Die  Kegel  des  aquimolekularen  Verhaltnisses  wurde 
daher  innerhalb  der  Fehlergrenzen  befolgt. 


TabeUe  11. 

Enge  Konzentrationsintervalle  bei  hochkolloidalen  Farbstoffen 

Nr. 

Nachtblau     ,,  Kongorot 
,     Endgflltige    ,       J^ 
|j  VerdGnnungen          'wo 
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.    V.«o 
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/aoo 
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1 

/108                                 

V..4 



_ 

2 

y». 

— 

v„. 

— 

— 

3 

i              /lie 

+ 



'/,„ 

— 

— 

4 

,      \'"' 

:    +++ 

+  +  +C 

!        V„, 

— 

+  +  +C 

5 

I                    /l«4 

,       +  +  +C 

+  +  +C 

1/ 
1                    /l40 

— 

+  +  +C 

6 

'         V,.. 

■       +++       ,       +++C 

/l4i 

— 

+  +  +C 

7 

V,., 

+            — 

1/ 
/l48 

'       +  +  +C 

— 

8 

V,M 

+      1      - 

A  64 

+  4-+C 

— 

9 

;/.« 

+      '      -      ■       v,« 

— 

— 

10 

v„« 

—            —              V.« 

— 

— 

c  bedeutet,  dase 

die  fiberstc 

»hende  FlUs 

sigkeit  farblos  i 

VBT. 

Ebenso  haben  wir  eine  in  dieser  Abhandlung  nicht  mitgeteilte 
TabeUe  iiber  Nilblau  und  Eosin  zusammengestellt,  nach  welcher  sich 
fiir  Eosin  (692)  in  ^/^oo  %igeT  Losung  Ausflockung  mit  Nilblau  (350)  in 
V160-?  V200-?  V240-  ^^^  Vsso^iger  Losung  ergibt,  am  vollstandigsten  in 
^1,00-  ^^d  ^240^/0^?^^  Losung.  Da  Eosin  wenig  und  Nilblau  massig  koUoidal 
ist,  ist  die  Zone  breit,  aber  theoretisch  sollte  die  Optimalkonzentration 
bei  ^l2ie%  liegen. 

Es  konnten  noch  weitere  Beispiele  angefuhrt  werden,  und  die  Tat- 
sache,  dass  im  Punkte  der  vollkommensten  Ausflockung  die  Farbstoff e 
in  angenahert  aquimolekularen  Mengen  vorliegen,  ist  so  haufig  beob- 
achtet  worden,  dass  sie  wahrscheinlich  regelmassig  eintritt,  obgleich  wir 
einige  scheinbare  Ausnahmen  angetroffen  haben,  in  Fallen,  in  denen 
einer  der  Farbstoffe,  wie  Alkaliblau  oder  Ajzoblau,  nur  wenig  loslich 
ist  In  solchen  Fallen  zeigte  sich  der  wenig  losliche  Farbstoff  immer 
etwas  verdiinnter,  als  unsere  tabellierten  Prozentzahlen  (in  einer  friihern 
Mitteilung)  andeuten.  Wahrscheinlich  sind  derartige  Farbstoffe  nicht 
YoUig  in  Losung  gegangen. 

In  einigen  andem  Fallen  haben  wir  Abweichungen  zwischen  den 
in  den  Biichem  angegebenen  und  den  nach  iinsem  Versuchen  zu  er- 


Digitized  by 


Google 


302  Oscar  Teague  und  B.  H.  Buxton 

wartenden  Molekulargewichten  gefunden.  Janusgrtin  z.  B.  ist  nach 
Schulze  und  Julius^)  ein  mit  einem  diazotierten  Safraninradikal  ver- 
bundenes  Dimethylanilin;  das  wiirde  einem  Molekulargewicht  von  un- 
gefahr  470  entsprechen.  Janusgriin  wird  aber  durch  Kongorot  und 
andere  saure  Farbstoffe  bei  einer  Konzentration  ausgeflockt,  die  darauf 
liinweist,  dass  es  ein  Molekulargewicht  von  ca.  695  hat.  So  z.  B.  flockt 
Vsoo^/o^g^s  =  V2094o-°iol^©s  Kongorot  (TabeUe  11,  Kolonne  3)  Viis"  ^^^ 
Vi52  ^/oJg^s  Janusgriin  aus,  aber  mit  ^fi^-  und  ^j^^  ^/oigem  Janusgriin  er- 
folgt  keine  Ausflockung,  so  dass  die  Vi5o^/(4g^  Losimg  als  Optimalpunkt 
angesehen  werden  kann.  Da  ein  (Kongorot — 2Na)  zwei  (Janusgriin — CI) 
Equivalent  ist,  sollte  das  Molekulargewicht  des  letztem  annahernd  698 
sein,  gleich  dem  Molekulargewicht  von  Kongorot. 

Des  weitem  wurde  der  Optimalpunkt  fiir  Eosin  (692)  ungefahr  bei 
^400"  bis  ^200^/0  Janusgriin  gefunden,  so  dass  letzteres  ein  Molekular- 
gewicht von  ungefahr  692,  oder  ein  ebenso  grosses  wie  Eosin,  haben 
sollte.  Das  Molekulargewicht  von  Janusgriin  scheint  daher  in  der  Nahe 
von  695  zu  liegen. 

Biebricher  Scharlach  sei  hier  ebenfalls  erwahnt  Nach  Schulze 
und  Julius  ist  er  ein  Disazofarbstoff  mit  zwei  Sulfogruppen  und  sollte 
ein  Molekulargewicht  von  546  haben.  Nach  Nietzki  dagegen  ist  der 
Biebricher  Scharlach  des  Handels  haufig  ein  Gemisch  der  Disulfo-  und 
Monosulfosalze,  und  bei  unsem  Versuchen  hat  er  sich  immer  so  ver- 
halten,  ak  best&nde  er  ausschliesslich  aus  dem  Monosulfosalz,  welchem 
ein  Molekulargewicht  von  444  zukommt  Seine  optimalen  Ausflockungs- 
punkte  mit  verschiedenen  basischen  Farbstoffen  —  die  Details  brauchen 
hier  nicht  angefiihrt  zu  werden  —  deuten  darauf  hin,  dass  das  Mole- 
kulargewicht des  Biebricher  Scharlachs  annahernd  444  und  nicht  546  ist 

In  TabeUe  11  sind  einige  Ausflockungsversuche  mit  Trypanrot  an- 
gefiihrt Trypanrot  von  dem  Molekulargewicht  1000  hat  fiinf  Natrium- 
sulfogruppen,  aber  die  optimalen  Ausflockungspunkte  mit  Nachtblau 
(575)  und  Janusgriin  (zu  695  gerechnet)  deuten  an,  dass  eine  dieser 
Gruppen  unwirksam  ist  Wenn  dies  zutrifft,  sollte  der  Optimalpunkt 
mit  Nachtblau  bei  ^/jgo  %  und  mit  Janusgriin  bei  1/144  %  liegen,  welche 
Konzentrationen  den  in  der  Tabelle  angegebenen  Optimalpunkten  von 
V124  imd  Vuo^/o  sehr  nahe  kommen.  Waren  alle  fiinf  Sulfogruppen 
wirksam,  so  soUten  die  Optimalpunkte  bei  Vio4  ^^^  ^/iis^lo  liegen,  also 
weit  von  den  tatsachlich  beobachteten. 

Obgleich  es  scheint,  dass  zwei  Farbstoffe  in  ihrem  optimalen  Aus- 


^)  Organic  coloring  matters,  iibersetzt  von  Green,  1904. 
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flockungspunkte  ungefahr  in  aquimolekularen  Mengen  zugegen  sind,  so 
gilt  diese  Regel  nicht  fiir  die  Ausflockung  von  andem  KoUoiden  durch 
Farbstoffe.  Das  wird  durch  Tabelle  12  gezeigt.  Der  optimale  Aus- 
flockungspunkt  fiir  ^Ji^ooQ-mol.  Kongorot  durch  die  basischen  Farbstoffe 
findet  sich  ungefahr  in  ^/7000-mol.  Losung  der  letztem,  aber  fur  Mastix, 
Lecithin,  kolloidales  Platin  und  erhitztes  Serum  variiert  die  zur  opti- 
malen  Ausffillung  erforderliche  Konzentration  der  Farbstoffe  betracht- 
lich.  Es  scheint  nach  den  in  der  Tabelle  angegebenen  Resultaten,  in 
diesen  Fallen  im  allgemeinen,  zur  Bewirkung  vollstandiger  Ausfallung 

TabeUe  12. 
Annfthernde  Konzentration  bei  den  Optimalpunkten  der  Ausflockung. 


1     Kongorot 

iVit0'"M/l4000 

Mastix 

Kolloidales 
Platin 

Lecithin 

Erhitzes 
Serum 

1.  Nachtblan 

2.  Jannsgrfln 

3.  NUblau 

4.  Neutralrot 

5.  Methylenblau 

MAooo 

W90000 

M/iiooo» 

M/a»ooo 

Ws*ooo 

M/eooo 

M/70000 
M/„oooo 

M/50000? 

M/atooo 

MA... 

M/«oiK,? 

Auflfloekiing 

M/5750 

M/3500 
M/,^0 1 
M/„oo? 

eine  um  so  grossere  Menge  des  Farbstoffs  erforderlich  zu  sein,  je 
weniger  koUoidal  er  ist.  AUerdings  lasst  sich  dies  wegen  der  Schwierig- 
keit  der  Ermittlung  der  ungeflthren  Optimalpunkte,  besonders  bei 
den  weniger  koUoidalen  Farbstoffen,  nicht  mit  Sicherheit  behaupten. 
Die  obige  Ansicht  wird  indessen  durch  Tabelle  12  insofem  weiter  be- 
kraftigt,  als  zur  Ausflockung  von  Lecithin  und  erhitztem  Serum  eine 
grossere  Menge  des  Farbstoffe  erforderlich  ist,  als  zu  derjenigen  von 
Mastix  Oder  kolloidalem  Platin.  Die  beiden  erstem  Stoffe  sind  schon 
tinter  die  mlissig  koUoidalen,  die  beiden  letztem  unter  die  hochkolloi- 
dalen  Substanzen  Uassifiziert  worden. 

Sinflnss  des  in  Freiheit  gesetsten  Salzes  auf  die  Ausflodnmg. 
Es  ist  schon  frtiher  sichergesteUt  und  durch  die  TabeUen  in  einer 
unserer  Abhandlungen  erhartet  worden,  dass  der  Zusatz  von  Natrium- 
chlorid  die  Zone  der  kolloidalen  Ausflockung  betrachtUch  erweitert,  und 
es  ist  wahrscheinlich,  dass  bei  der  gegenseitigen  Ausflockung  zweier 
Farbsalze  das  in  Freiheit  gesetzte  Natriumchlorid  einen  erhebUchen 
Einfluss  nach  dieser  Richtung  hin  ausubt  Unsere  Aufmerksamkeit 
wurde  auf  diese  Erscheinung  zuerst  durch  das  Verhalten  des  Farbstoff- 
gemisches  Nachtblau  plus  Kongorot  gelenkt  Als  wir  den  Niederschlag 
in  Methjlalkohol  auflosten  und  etwas  von  der  Losung  in  destiUiertes 
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Wasser  einbrachten,  fanden  wir  zu  unserer  tJberraschung,  dass  keine 
Ausflockung  eintrat,  selbst  nachdem  der  ganze  Alkohol  verdampft  war. 
Unter  diesen  Bedingungen  konnen  nur  winzige  Spuren  von  Elektrolyten 
zugegen  sein,  so  dass  der  geringste  tJberschuss  eines  der  Farbstoffe, 
welcher  wahrscheinlich  im  Niederschlag  als  SaJz  vorhanden  ist,  aus- 
reichen  wurde,  um  die  Verbindung  in  Losung  zu  halten.  Die  Farb- 
stoffe wurden  daher  so  nahe  wie  moglich  in  aquimolekularen  Mengen 
gemischt.  Kongorot  V200  %^S  ^^^  Nachtblau  ^j^^vs  Vs  wurden  zusammen 
gefallt.  Ein  Teil  des  Niederschlages  wurde  nicht  ausgewaschen,  der 
andere  Teil  im  Dampfsterilisierapparat  zwei  oder  drei  Stunden  lang  mit 
kochendem  Wasser  gewaschen,  um  einen  etwaigen  geringen  Uberschuss 
des  einen  Farbstoffs  zu  entfemen.  Die  Niederschlage  wurden  dann  in 
Methylalkohol  bis  zur  Sattigung  gelost.  Zu  lOccm  Wasser  wurden 
einige  Tropfen  der  Methylalkohollosung  hinzugeftigt,  aber  auch  hier 
stellte  sich  heraus,  dass  in  keinem  der  Rohrchen  Ausflockung  eintrat 
Nach  Zusatz  weniger  Tropfen  Salzlosung  zu  jedem  Rohrchen  trat  jedoch 
in  der  Losung  des  ausgewaschenen  Niederschlags  rasche  Ausflockung 
ein,  und  die  Fallung  war  nach  einigen  Stunden  vollstandig.  Der  nicht 
gewaschene  Teil  hingegen  zeigte  selbst  nach  24  Stunden  nur  spuren- 
hafte  Ausflockung.  Wir  nehmen  an,  dass  der  ausgewaschene  Nieder- 
schlag die  beiden  Farbstoffe  sehr  nahe  aber  doch  nicht  ganz  in  aqui- 
molekularen Mengen  en  thiol  t,  so  dass  eine  Spur  Saiz  notwendig  war, 
um  die  Wirkung  des  im  Uberschuss  vorhandenen  Farbstoffs  zu  liber- 
winden  und  die  Ausflockung  etnzuleiten.  Der  Versuch  wurde  mehrmals 
mit  ahnlichen  Ergebnissen  wiederholt 

Bei  Verwendung  des  weniger  kolloidalen  Nilblaus,  das  mit  Kongo- 
rot  eine  weitere  Ausflockungszone  gibt,  als  Nachtblau  und  nach  Be- 
handlung  des  Niederschlags  in  der  gleichen  Weise,  flockte  der  aus- 
gewaschene Teil  sofort  ohne  Zusatz  von  Salz  aus,  wahrend  mit  dera 
nicht  gewaschenen  Teil  keine  Ausflockung  eintrat. 

Weitere  Versuche  in  derselben  Richtung  bestatigten  ebenfalls  die 
Ansicht,  dass  bei  der  gegenseitigen  Ausflockung  von  Farbstoffen  gentigend 
Salz  in  Freiheit  gesetzt  wird,  um  die  Ausflockungszone  in  merklichem 
Betrage  zu  erweitem.  Die  Reaktion  zwischen  Kongorot  und  Nilblau  ist: 
(Kongorot :  2iVa)  -f  2  (Nachtblau .  Cl)=  Kongorot .  2 Nachtblau  -f  2NaCL 

HistologlBches. 
Unsere  fruher  beschriebenen  Versuche  mit  Farbstoffgemischen  unter 
dem  Einflusse  des  elektrischen  Stroms  und  unter  andem  Bedingungen 
zeigten  uns  ziemlich  sicher,   dass   zwei   hochkolloidale  Farbstoffe   viel 
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fester  miteinander  verbunden  sind,  als  zwei  wenig  kolloidale,  und  Farbe- 
versache  scheinen  diese  Ansicht  zu  bestatigen.  Zu  den  Farbeversuchen 
benutzten  wir  hauptsfichlich  das  Omentum  von  Kaninchen.  Es  wurde 
auf  einem  mikroskopischen  Objektglas  ausgebreitet,  mit  Methylalkohol 
befestigt  und  das  Salz  soweit  wie  moglich  durch  wiederholtes  Behandeln 
mit  destilliertem  Wasser  ausgewaschen.  Die  so  bebandelten  Prfiparate 
wurden  mit  einer  Losung  des  Farbstoffkomplexes  in  Methylalkohol,  dem 
einige  Tropfen  destilliertes  Wasser  zugesetzt  worden  waren,  bedeckt,  eine 
der  gewohnlichen  Methylenblau-Eosinfarbung  ahnliche  Technik.  Bei  den 
koUoidalen  Farbstoffen  war  es  notig,  einen  von  ihnen  in  geringem  tJber- 
fichuss  anzuwenden,  um  AusffiUung  auf  dem  Praparat  zu  verhindern. 

^     1.  Nachtblau— Kongorot  (beide  hochkolloidal)  keine  Farbung  selbst 
nacb  mehrem  Stunden,  manchroal  blosse  Spuren. 

2.  Jfachtblau  (hoch-)  — Eosin  (wenig  koUoidal).  Das  Praparat  f&rbte 
sich  ziemlich  langsam  blau.  Nach  dem  Ausziehen  des  Nachtblaus  mit 
AJkohol  blieb  eine  blasse  Eosinfarbung  zurilck.  Das  hocbkolloidale 
Nachtblau  wird  durch  das  Eosin  nicht  fest  zuriickgehalten,  und  gleich- 
zeitig  wird  etwas  Eosin  frei. 

Das  Praparat  farbt  sich  also,  aber  ziemlich  unvollkommen. 

3.  Methylenblau — Eosin  (beide  wenig  koUoidal).  Wie  wohl  bekannt, 
fftrben  sich  Praparate  mit  diesem  Gemisch  sehr  bereitwillig  und  seiektiv, 
und  dies  traf  auch  bei  uns  zu.  Die  beiden  wenig  kolloidalen  Farbstoffe 
halten  einander  nur  in  loser  Verbindung. 

Diese  Versuche  sind  in  vielen  andem  Fallen  bestatigt  worden. 

Es  scbeint  moglich,  dass  ein  hochkolloidaler  Stoff  sich  von  einem 
wenig  kolloidalen  trennen  kann,  um  sich  mit  einem  koUoidalem  zu 
verbinden.  Bei  den  histologischen  Farbeversuchen  sind  die  hochkoUoi- 
dalen  Eiweissstoffe  vielleicht  imstande,  das  Nachtblau  dem  wenig  kolloi- 
dalen Eosin  zu  entziehen,  aber  sie  konnen  nicht  das  Nachtblau  von 
dem  hochkoUoidalen  Kongorot  trennen. 

Wie  frtiher  erwfthnt,  betrachten  wir  allerdings  infolge  der  Resultate 
unserer  Versuche  die  Eiweissstoffe  in  Losung  als  relativ  wenig  koUoidal, 
aber  der  Zustand  des  Eiweisses  in  Losung  ist  kein  Kriterium  fiir  seinen 
Zustand  im  Gewebe. 

Sind  die  gefallten  Farbstoffe  chemisch  oder  physikalisch 

gebunden? 
Diese   Frage    mag   kurz   erortert   werden,   soweit   die   Ergebnisse 
unserer  Yersuche  darauf  Bezug  zu  haben  scheinen.    Die  Tatsache,  dass 
zwei  Farbstoffe  sich  in  aquimolekularen  Mengen  verbinden,  wahrend 

Z«ltaeluift  f.  pbytlk.  Chemle.  LXir.  20 


Digitized  by 


Google 


306  Oscar  Teague  und  B.  H.  Buxton 

Na  und  CI  quantitativ  in  Freiheit  gesetzt  werden,  macht  es  auf  den 
ersten  Blick  wahrscheinlich,  dass  die  Verbindung  der  beiden  Farbstoffe 
chemischer  Natur  ist,  da  aber  die  aus  zwei  hochkolloidalen  Farbstoffen 
gebildete  Verbindung  viel  beetandiger  ist,  als  die  aus  zwei  wenig  koUoi- 
dalen  Farbstoffen  gebildete,  so  haben  wir  Grand  zur  Annahme,  dass  es 
sich  um  eine  auf  gegenseitiger  Absorption  beruhende  physikalische 
Bindung  handelt,  die  durch  die  chemische  Verbindung  von  Na  und 
CI  begtinstigt  wird. 

NaOH  kann  das  CI  aus  dem  Salz  (Chlorid)  eines  basischen  Farb- 
stoffs  austreiben,  wobei  die  Base  als  unloslicher  Niederschlag  ausfallt, 
und  umgekehrt  werden  Sauren,  die  S^ure  aus  dem  Salz  einer  FarbsSure 
austreiben.  Wenn  solche  Farbsaize  zusammen  in  Wasser  aufgelost 
werden,  so  tritt  wahrscheinlich  etwas  Dissociation,  ein  und  es  wird  fort- 
wahrend  NaCl  auf  Kosten  der  Farbsaize  gebildet.  Die  in'Freiheit  ge- 
setzten  Basen  und  Sauren  fallen  dann  aufeinander  aus  und  lassen  das 
NaCl  in  der  Losung.  Da  das  Farbstoffgemisch  aus  der  LSsung  entfemt 
ist,  kann  es  sich  an  den  Reaktionen  nicht  weiter  beteiligen,  und  die 
Farbstoffe  fallen  in  aquimolekularen  Mengen  aus,  nicht  weil  sie  not- 
wendig  selbst  in  solchem  Verhaltnis  chemisch  verbunden  sind,  sondern 
weil  der  Riickstand  nach  der  Bildung  von  NaCl  in  einem  solchen  Ver- 
haltnis vorliegen  muss. 

Die  Verbindung  zweier  hochkoUoidaler  Farbstoffe  scheint  ihrer 
Natur  nach  den  Lacken  sehr  nahe  zu  kommen.  Sie  wird  schwierig 
aufgespalten.  Sogar  durch  Kochen  mit  Silure  oder  Alkali  lasst  sich  nur 
eine  geringe  Spur  des  einen  Farbstoffe  in  Gestalt  eines  Salzes  heraus- 
losen.  Diesen  Widerstand  der  Lacke  gegen  Sfiuren  und  Alkalien  be- 
trachtet  Georgevics  als  starken  Beweisgrund  fiir  die  Ansicht,  das& 
ein  Lack  eine  physikalische  Verbindung  ist,  und  dieselbe  Betrachtungs- 
weise  ware  auf  die  Farbstoffkomplexe  anwendbar. 


Sohlussfolgerungen. 

1.  Die  Ausflockung  saurer  Farbstoffe  durch  basische  ist  am  voll- 
standigsten,  wenn  die  Farbstoffe  in  aquimolekularen  Mengen  vorliegen. 

2.  Bei  der  Ausflockung  wird  Natriumchlorid  in  Freiheit  gesetzt, 
doch  ist  dies  nicht  die  XJrsache  der  Ausflockung;  allerdings  ist  das  Salz 
bestrebt,  die  Ausflockimgszone  zu  erweitem. 

3.  Farbungsversuche  mit  Farbstoffgemischen  deuten  an,  dass  hoch- 
koUoidale  Farbstoffe  fester  miteinander  verbunden  sind  als  wenig 
koUoidale. 
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4.  Mit  einer  neuen  Reihe  von  Farbstoffen  wiirden  die  in  Teil  IV 
erhaltenen  Resultate  best&tigt:  hochkolloidale  Farbstoffe  haben  enge 
Zonen  vollkommener  Ausflockung,  wenig  kolloidale  Farbstoffe  zeigen 
unvoUkonunene  Ausflockung  innerhalb  einer  ausgedebnten  Zone. 

5.  Wir  haben  dieses  Verhalten  als  die  Regel  der  kolloidalen  Aus- 
flockung bezeichnet:  Der  Grad  der  Ausflockung  und  die  Breite  der 
Ausflockungszone  werden  durch  die  mehr  oder  weniger  kolloidale  Natur 
der  verwendeten  Stoffe  bedingt. 

6.  Die  Regel  der  kolloidalen  Ausflockung  ist  fur  verschiedene 
andere  anorganische  und  organische  KoUoide  sowohl  als  wie  fUr  die 
Farbstoffe  als  gtiltig  erwiesen  worden. 


20* 
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Eiuflafi  der  Temperatur  anf  die  Ausflockung  von 

Kolloiden. 

Vol)  B.  H.  Buxton  und  Alfred  U.  Rahe. 

(Department  of  Experimental  Pathology,  Loomis  Laboratory,  Cornell 
Medical  CJoUege,  New  York.) 


Die  Frage  nach  der  Hydratation  der  lonen  in  w^serigen 
Ldsungei)  hat  neuerdings  viel  BeachtuDg  gefunden.  Namentlich 
haben  Biltz^)  und  Jones*)  eine  ubei*au8  groQe  Zahl  von  Versuchen 
ausgofiihrt,  um  die  AbhUngigkeit  des  Hydratationsgrades  von  dei* 
Eonzenti-ation  der.L^sung  zu  zeigen. 

Bousfield')  ermittelte  durch  MesBnngen,  dafi  Bowohl  Tenir 
pei*atur  als  Kouzenti-ation  einen  crheblichen  Einflufi  darauf  auBiiben. 
Setzt  man  z.  B.  das  Volumen  des  Wassei^stoffious  bei  20®  gleich  1, 
so  ist  es  bei  0®  annllhemd  0,8,  bei  40<>  ann&hemd  1,2  und  nimmt 
fiber  40®  wieder  ab. 

£e  kam  uns  der  Gedanke,  daB  die  wechselnde  Hydratation 
des  H-Ions  vielleicht  n^it  dem  PhUnomen  der  Vorzone  zusammen- 
hftngt,  das  so  oft  bei  der  Ausflockung  von  Kolloiden  durch  Slluren 
beobachtet  wird,  und  wir  stellten  darum  eine  Anzahl  von  Aus- 
flockungsverauchen  mit  Sauren  und  Salzeu  bei  wechseluder  Tem- 
peratur an.  Im  ganzeu  fanden  wir,  dafi  mit  Steigerung  der 
Temperatur  die  ikeite  der  Ausflookungszone  zunahm,  und  Bak- 
terieu  zeigten  auf  Sllurczusatz  bei  40®  gelegentlich  cine  Ncigung 
zum  Auftreten  von  unregelmaCigen  Reihen,  die  bei  0  und  20" 
nicht  vorlianden  war.  Immerhiu  haben  unserc  Versuche  kcincn 
Zusammenhang  zwischen  dem  angenommencu  Ilydratationsgrad  des 
ll-Ions   und    der   Breite    der   Vorzonen    bei    verschiedenen   durch 


»)  Zeitschr.  f.  physik.  Chem.  40,  185  (1902). 

•)  Amer.  Chem.  Journ.  33,  34  (1905)  und  andere  Joumale. 

•)  Zeitschr.  f.  physik.  Chem.  53,  257  (1905). 
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S^uren  ausflockbaren  Kolloidcu  ergeben;  sie  sollen  daher  hier  nicht 
Daher  mitgeteilt  werden. 

Wenn  wir  iiud  zu  Versuchen  tiber  die  AusflockuDg  von 
KoUoiden  diirch  Kolloide  iibcrgehen,  habeu  wir  fiber  bemerkens- 
werte  Ergebnisse  zu  bericbteu,  die  wii*  bei  weitem  Dicht  fiir  auf- 
gekiart  ansehen,  wenogleich  wir  auf  Grund  von  vorlaufigen  Arbeits- 
hypothesen  im  nachBtebendcn  einige  Dentungsversucbe  inachen. 

Wir  benutzten  in  diesen  Versuchen  Probierrdhrcbeu  von  9  cm 
L^nge,  die  zu  etwa  20  Stiick  in  mit  Gewichten  beschwei*teu 
Eprouvettengestellen  untergebraoht  waren.  In  die  Rdhrchen  wurde 
1  ccm  der  einen  koUoidalen  Losung  von  wechselnder  Konzentration 
eiugefiillt  und  das  Gestell  in  ein  Wasserbad  von  der  gewunschten 
Temperatur  versenkt  Die  andere  KolloidlOsung  wurde  ira  ganzen 
durcb  Eiwarmen  oder  Abkiihlen  auf  die  gleiche  Temperatur  ge- 
bi*acht  und  je  I  com  davon  mittels  einer  Mafipipette  in  die  Bdhr- 
chen  zu  der  ersten  Kolloidldsung  zugesetzt  Durch  etwas  heftiges 
Ausblasen  der  Pipette  wurde  eine  gendgende  Miscbung  der  beiden 
Flussigkeiten  erzielt,  so  dafi  kein  Scbiitteln  n5tig  war.  Fur  die 
Temperatureu  0,  20  und  40®  wurden  systematische  Versucbs- 
reihen  mit  1-,  3-,  5-  und  24stiindiger  Dauer  ausgefiihrt,  Versuche 
bei  60  und  80®  wurden  nicht  iiber  2  bis  3  Stunden  ausgedehnt. 
Bei  hdherer  Temperatur  ei-folgt  die  Flockenbildung  so  rasch,  dafi 
die  lieaktion  nach  2  Stunden  praktisch  zu  Ende  ist  Auch  zeigte 
von  den  Versuohsreihen  bei  niederer  Temperatur  nur  jene  bei  0® 
nach  4  Stunden  noch  eine  merkliche  Anderung.  Bei  den  Reihen 
mit  0®  und  40®  wurden  die  Gestelle  nach  5  Stunden  aus  dem 
Wasserbade  genommen  und  in  den  Eiskasten  oder  den  auf  38®  er- 
warmten  Brutraum  gebracht.  Bei  20®  wurde  vom  Wasserbade  ab- 
gesehen,  doch  war  die  Temperatur  des  mit  Darapf  geheizten 
Arbeitsraumes  stets  nahe  20®. 

Ausflookung  yon  KoUoiden  durch  Kolloide. 

Zwischen  0  und  100®  weisen  viele  Kolloidlosungen  erhebliche 
Vcranderungen  auf.  Einzelne  eratarren  bei  niederer  Temperatur, 
z.  B.  Gelatine  und  Agar,  andere  bei  hOherer,  z.  B.  Albumine.  Die 
erstgenanntc  Veranderung  ist  reversibel,  die  letztere  nicht  Das 
einmal  durch  Hitze  koagulierte  EiweiB  kann  nicht  mehr  in  kolloidale 
Losung  ubei-fiihrt  werden,  wahrend  Gelatine  und  Agai  beliebig  oft 
zum  Erstarren  und  Schmelzen  gebracht  werden  kOnnen  ^). 


»)  Lewi  tea,  Zeitschr.  f.  Chemie  d.  Kolloide  2,  16  (19()8). 
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Wieder  and  ere  Kolloide  werden  iDDcrhalb  dieser  Grenzen 
durch  die  Temperatur  nicht  beeinflufit  Eisenhydroxyd  und 
kolloidales  Platin  kdnuen  bis  0®  abgekiihlt  und  kdnuen  gekocht 
werden,  ohne  dafi  Koagulation  oder  siohtbare  Verauderung  eintritt. 
Weun  sie  aber  —  und  ebenso  mauche  andere  kiiiistlich  erhalt- 
licbe  Kolloidl5siingen  —  eiiimal  durcb  andere  Eiuwirkungen 
(Elektrolyte)  zum  Ausfalleu  gebracht  worden  sind,  konnen  sie 
nicht  wieder  durch  Wasser  allein  in  Ldsung  gebracht  werden ; 
dazu  bedarf  es  dann  eigener  Methoden.  Dicse  Kolloidlosungen 
sind  somit  irreversibel,  obgleich  ihre  Haltbarkeit  durch  Tempe- 
ratnren  zwischen  0  und  100®  nicht  beeinfluBt  wii*d.  Die  Farb- 
stoffe  miissen  dauach,  da  sie  getrocknet  und  dann  jederzeit  durch 
einfachc  Wasserzugabu  wieder  in  kolloidale  LOsung  gebracht  werden 
konnen,  als  reversible  Kolloide  angesehen  werden  ^). 

Wir  k5nnen  damach  die  Kolloide  in  folgender  Weise  klassi- 
fizieren : 

A.  Zwischen  0  und  100®  nicht  koagulable  Kolloide. 

1.  Reversibel:  z.  B.  Farbstoffe. 

2.  Irreversibel:  z.  B.  Eiseubydroxyd ;  kolloidales  Platin. 

B.  Zwischen  0  und  100®  koagulable  Kolloide. 

1.  Reversibel:  z.  B.  Gelatine,  Agar,  Starke. 

2.  Irreversibel:  z.  B.  Albumine. 

Die  von  uns  verwendeten  Ldsungen  koagulabler  Kolloide 
waren  ausreichend  verdiinnt,  urn  eine  Ausfdllung  zwischen  0  uud 
100®  zu  vermeiden.  Wir  machten  ferner  auoh  von  Bakterien-  und 
Mastixsuspensionen  Gebrauch. 

Wir  verzichten  darauf,  die  Methoden,  naoh  denen  die  verschiedenen 
von  uns  verwendeten  Suspensionen  und  Ldsungen  dargestellt  waren,  naher 
zu  beschreiben ,  nur  sei  bemerkt,  daiS  zur  Yerdiinnang  durch weg  gewohn- 
liches  destilliertes  Wasser  verwendet  warde,  und  dafi  die  Ausgangsldsungen 
in  jenen  Fallen,  wo  sie  notwendig  Elektrolyten  enthielten,  z.  B.  bei  einigen 
anorganischen  Kolloiden  und  bei  Bakteriensuspensionen,  eine  Woche  lang 
der  Dialyse  gegen  destilliertes  Wasser  unterworfen  wurden. 

Unser  Hauptziel  war  stets  die  Bestiramuiig  des  Ausflockungs- 
punktes,  und  dieser  ist,  wie  uns  die  Erfahrung  gelehrt  hat,  von 
der  Gegenwan  von  Elektrolytspuren  uuabhangig.  Die  Aus- 
flockungszone  wird  durch  Anwescnheit  merklicher  Mciigen  von 
Elektrolyten  verbreitert,  das  Optimum  bleibt  unverSiidert. 


*)  Biltz,  Med.-naturwiss.  Archiv  1,  267  (1908). 
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Farbstoffo. 
Bei  gegenseitiger  Ausflockuug  zweier  Farbsalze  Imdet  einc  cbe- 
miscbe  Reaktion  zwiscben  dem  Kation  des  sauren  und  dem  Aniou  des 
basiscben  FarbstofEs  statt,  so  dafi  sicb  beim  Optimum  der  Flockeu- 
bilduDg  SiLure  uud  Base  in  ^uimolekularem  VerhMtDis  ausfUllen. 
Es  ist  daber  uicbt  zu  erwarten,  daC  die  Temperatur  das  Optimum 
beeiuHuBt.     Das  ergab  aucb  der  Versuch. 

Tabelle  I.     Nacbtblau  und  Biebricber  Scbarlacb. 
Endgultige  Verdunnung  des  Nacbtblau  V„o  Pro^* 


Biebricher  Scharlach 

Endverdunnung 

Proz. 


20* 

40» 

60* 

24  Stdn. 

U  Stdn. 

3  Stdn. 

_ 

_ 

__ 

+  +  + 
+  + 

+  +  + 
+  +  + 

+ 

+ 
+++ 
++  + 
+++ 

^~ 

~~~ 

""— 

80® 


1  Stdf. 


V«o  bis  »Aeo 

/l50  .     •     •     • 

y«,.  •  .  • 

/«o  •  •  •  • 
/aoo  •  •  •  • 
'Am  Wb  V« 


+  +  + 

+ 


+ 
+  +  + 
+  +  + 
+  +  + 


Der  aquimolekulare  Punkt  zwiscben  den  zwei  Farbsalzcu  ist 
annabernd  V250  Proz.  Biebricber  Scbarlacb  zu  Y200  Proz.  Nacbt- 
blau. Wie  aus  Tabelle  I  crsicbtlicb,  liegt  das  Optimum  in  der 
Nacbbai*scbaft  dieses  Punktes  unabhaugig  von  der  Temperatur. 
Dieselbe  RegelmaBigkeit  ergab  sicb  bei  Versucben  mit  Kougorot- 
Nacbtblau,  Kougorot-Nilblau    und    in    einigen  anderen  Beispielen. 

Nimmt  man  bingegeu  ein  nicbt  salzartig  verbundenes  nega- 
tives Kolloid,  das  dem  basiscben  Farbsak  gegentiber  keinen 
scbarfen  Neutralisationspunkt  besitzt,  so  erbalt  man  ganz  ab- 
weicbende  Resultate. 

Tabelle  II  ist  typisch  fur  die  Reaktion  zwiscben  basiscben 
Farbstoffen  und  dialysierten  Bakterienauf  schwemmungen :  Als 
Ausflockungsoptimum,  das  durcb  Fettdruck  ausgezeicbnet  ist,  ist 
der  Punkt  bezeichnet,  wo  die  Flockenbildung  am  friibesten  be- 
ginnt  und  in  der  Beobacbtungsreibc  am  meisten  bervortritt  Es 
entspriclit  nicbt  notwendig  der  Mitte  der  Ausflockungszone. 

Nacbtblau  und  Janusgrun  wurden  fiir  die  Proben  gewahlt,  weil  beide 
mit  den  verschicdenen  Kolloiden  enge  Ausflockungszonen  darbieten  und  das 
Optimum  der  Flockenbildung  leichter  zu  erkennen  gestatten,  als  weniger 
kolloidale  Farbstoffe,  z.  B.  Neutralrot  und  Methylenblau,  deren  Ausflockungs- 
zonen gewobnlich  sehr  breit  sind. 
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Tabelle  II.     EinfluB  der  Temperatur  auf  die   AusflockuDg 
von  Baktcrien8uspeu8ionen  durch  basische  Farbstoffe. 


NachtbUu 

EndverdSnnung 

Proz. 


/l«0 

A  to 

1/ 
/uo 

Aw 

/fOO 


bi»  'A. 


bis  V. 


Bac.  pyocyaneus 


20^' 


40" 


— 

- 

+  + 

— 

+ 

+  + 

— 

+++ 

+  +  + 

-1- 

+++ 

— 

H      +  +  + 

+ 

;  +++ 

— 

— 

— 

^~ 

— 

60* 
2  Stdn. 


+  +  + 
+  +  + 

+  +  + 


jMnus^riin 

Kndverdiinnung 

Proz. 


Bar.  coli  corom. 


20*» 


40* 


!        60« 


80« 


2  Stdn.    ,    2  Stdn. 


Vw  bis  Vioo 

/l50  •  •  •  • 
/too  •  •  •  • 
/tao  •  •  •  • 

y«..  •  •  • 

Aoo  •    •    •    • 

■/«.•... 

Vm.  bi»  '/• 


1 

— 

— 

— 





+ 

— 

—  ■ 

+++ 

— 

— 

— 

+ 

— 

— 

+++ 

~ 

— 

++ 

— 

— 

— 

1 

■^ 

•"" 

— 

++ 


Man  siebt,  dafi  mit  Steigerung  der  Temperatur  mehr  Fai'b- 
stoff  erforderlich  ist,  um  eiue  bestimmte  Meuge  von  Bakterieu 
auszuflocken.  Es  liegt  nabe,  zu  vermutcn,  daC  bci  erbObter  Tem- 
peratur umgekebrt  weniger  Bakterieu  zur  Ausfalluug  einer  ge- 
gebeuen  Farbetoffmenge  ausreicben  werden.  Tabelle  III  A  gibt 
ein  Bild  von  diesem  umgekebrten  Verbal  ten. 

Die  in  Tab.  Ill  A  verwendete  Suspension  von  Cbolerabazillen  war 
sebr  konzentriert.  Von  dieser  Ausgangssuspension  waren  die  in  der 
Tabelle  angegebenen  Verdunnungen  bergestellt.  Bei  0*^  wird  die 
VsooP^o^  JanusgrunlOsung  von  einer  Vioo  Suspension  ausgeflockt,  wab- 
rend  dazu  bei  80<^  scbon  eine  drei-  oder  viermal  verdiinntere  geniigt. 

Agglutininbakterien  ^)  verbalten  sicb,  wie  aus  Tab.  Ill  B  bervor- 
gebt,  genau  wie  normale;  das  Ausflockungsoptimum  liegt  fur  0^  an- 
nabemd  bei  Vsoo^  ^^^  20®  bei  Vaoo.  f"i'  ^0«  bei  Viso  Proz.  Nacbtblau. 

OBechhold,  Zeitschr.  f.  physik.  Chemie  48,  385. 
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Tabelle  III. 

A.    Gleicher  Farbstoff- 

gebalt  bei  wecbselnder 

B.    Farbstoff  und 

BakterienmeDge. 

Agglutininbakterieu. 

Cholera- 

Ij 

suspension           Janusgriin  ^/^^  Proz. 
Ver-          '• 

Nachtblau 
End- 

Agglutinierte  Colibakterien 

dunnungen 

vcrdunnung 

; 

Proz.          1       0«       1      40«     1      80« 

Proz.          ,1      0« 

20* 

40^ 

V.o  bis  V,o  . 

^^ 





V.obi8V,,o. 

_^ 



Vioo   .... 

++H- 

—         __ 

Vise   .... 

— 

-    +++ 

%» 

— 

+++;    - 

V.00 

-      ,  +  +  +       - 

Vaoo    .... 

— 

-   ;+++ 

%oo  ....  i+++;    -       - 

V400    .... 

— 

— 

+  +  + 

VeoobisVoo. 

— 

— 

— 

Ferner  macbt  es  keinen  Uuterscbied,  wenn  die  Bakterieii 
vorber  aiif  75®  erbitzt  oder  selbst  eine  Stunde  gekocbt  wordeu 
sind.  Diese  Bebandluug  pflegt  das  Optimum  ein  wenig  zu  ver- 
Bcbieben,  andert  aber  nicbts  an  der  beobacbteten  Regel. 

Tabelle  IV.     NacbtblaukoDzentrationen,  die  zur  optimalen 

Ausflookuug  von  Bakterien   bei  verscbiedenen  Tempera- 

turen  erforderlicb  siud. 


Cholerabazillen 


Coli  comm.  . 


Pyocyaneus  . 


Kachtblaukonzentrationen  in  Prozcnten 
Bazillen 


Tem- 
peratur 


nicht 
erhitzt 


0« 

VlBO 

20 

1/ 
/iM 

40 

Vm 

0 

y« 

20 

y... 

40 

y,« 

0 

V«40 

20 

/iM 

40 

y». 

60 

y.M 

1  Stde. 

1  Stde. 

bei  75» 

bei  100" 

%«, 

y>« 

%« 

y,« 

V.» 

y... 

y«. 

y». 

y.M 

y.«. 

V.4. 

y». 

%« 

/mo 

/«43 

y,8. 

y.« 

y... 

/no 

/uo 

Oberall  dieselbe 
Saspension 

Uberall  dieselbe 
Suspension 

Uberall  dieselbe 
Suspension 


Es   sei   bier  bemerkt,   daB  das  Optimum  nicbt  in  jedem  Ex- 
periment  dasselbe   ist.     Es    andert   sicb    vielmebi*    mit   der   Kon- 
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zeutration  der  Bakterieususpeiision,  da  es  einerseits  weniger  Farb- 
Btoff  bedarf,  die  Suspeusion  auszuflocken,  wenii  sie  verdiiDnter  ist, 
da  es  audererseits  unmdglich  ist,  BaktcrieDaufscbwemmuugen  von 
geoau  gleichem  Gebalt  herzustellcii.  AUein  die  Proben  der 
Tabelle  IV  siud  vergleichbar,  da  fiir  jede  Bazilleuart  die  gleiche 
Ausgangssuspeneion  erhilzt,  bzw.  uicht  erhitzt,  zur  Verwendung 
kaiu.  Man  bemerkt,  daB  das  Optimum  mit  der  Temperatur- 
steigernng  etwas  ansti'igt.  Ahnlicbes  wurde  bei  anderen  Sus- 
pensionen  und  kolloidalen  Losungen  beobachtet,  wenn  sie  duroh 
basiscbe  Farbstoffe  ausgeflockt  warden. 

Tabelle  V.     Anuaberndc    Ausflockungsoptima    fiir    Nacht- 
blau  und  versobiedene  negative  Kolloide. 


Kolloid 


Starke 

Agar 

Kotextrakt .   .   . 

Mastix     .... 

KaninchenBerum 
Kaninchenserum, 
gekocht .  .  . 
EiweiB  .... 
EiweilS,  gekocht 
Gelatine  .... 


dunne  Losung 

Vso  Hroz. 

7400  <ler  Aus- 
giingslosang 

Vuo  der  Aus- 
gangslosung 

Aoo 
Aoo 

A*    » 

'/,  . 


Nachtblau,  Prozente  bei 


(y> 


Aoo 

Aso 
Aoo 

Aooo 

Aoo 

Aoo 

A  800 

Aooo 

keine 

Flocken, 

partiell 

erstarrt 


20*         40° 


Aso 

Aoo 
Vtoo 

Aooo 

Aoo 

^000 

Asoo 
Asoo 


/ibO 

/sso 
/eoo 

Aooo 

Aoo 

Aoo 
Aooo 

A  500 

keine 
Flocken 


60« 


keine  Aus' 
flockung 

Aio 

Aoo 
Aoo  ) 
Aoo 


/boo 

-^1000 

keine 
Flocken 


80« 


keine  Aus- 
flockung 

'/«,') 

'/m') 

Aoo 

V.00 
V.00 
7.00 


In  Tabelle  VI  sei  eiue  Versucbsreibe  mit  Mastix  und  Nacht- 
blau  ausfiihrlicb  mitgeteilt  Obgleicb  sie  ganz  unabb^ngig  von 
dera  entsprecbeuden  in  Tabelle  V  angefiibi-teu  Versuche  ausgefiibrt 
war,  Btimmen  die  Ergebnisse  innerbalb  der  Feblergrenzen  genau 
iiberein.  Der  umgekebrte  Versucb,  wo  die  FarbstofEkonzentration 
konstant  bleibt  und  der  Gehalt  der  Mastixemulsion  wecbselt,  stebt 
in  Analogic  mit  dera  Versucb  in  Tabelle  III  A,  betreffend  Cbolera- 
bazillen  und  Janusgriin. 


^)  UnvoUst&ndige  Flockenbildung. 
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FtiiiBtoff' 
Penent 

Vioo- 

Vl25- 
Vl50- 

V2OO 

Vmo 

V4OO 
VbOO 

Veoo^ 

V700 

Viooo 
V1200- 

Vl400- 

Vieoo 
V2000- 

y24M 

V2800- 

VS200- 


Bac  T^ibflid 


Bac  PyocyineuB 

Bac  GboLerae 

igar 

SUrJu 
Bac  Tjrphoid  C' 

Sieselsiore 
Bac  Goli 

Senmi,  gekocht 


Serum  y'-^'T***** 

Kotcxtrakt  f>** 
EiereiweiB  1/20% 


Anentrisalfid  ^ 
Eiereiweifi  V&0% 

Kolloidalea  Platm 


Martii^ 


Eiereiwaifi  1/20% 
Kiiwelaftnre 


Die  vorsteheude  Kui'\'eDtafel  zeigt  deutlicher  als  die  Tabollen 
daa  regelmaUige  Ansteigen  der  Mengen  an  Farbstoffy  Nacbt- 
blau    Oder   Janusgriin,    die   bei    steigender   Temperatur   zur   Aus- 
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Tabelle  VL 


Nachtblau 

Mattii, 
y^  der  AusgaDgslosung 

MMtiz 
Verdiinnung 
der  Aasg«ngs- 

losung 

Prox. 

Nachtblau  y^^^  Proi. 

Froz. 

0» 

20" 

40" 

60» 

80» 

0" 

20" 

40"       eo*     80» 

y«bM'/„.. 

y».  •  •  . . 
y».bi«y«,. 
'/». .  .  ■  . 
y^bisy.^ 

Am*  •    •    •    . 
/mt»  •    •    •    • 
Vz—  •    •    •    • 

'/»*,•    •    .    • 

y««  bis  y. 

++ 
+  + 

+ 
1     1     1     1     II   +  +  +   1 

+ 

+  + 

1     1     1   ++   1     1     1     II 

+  + 

+ 

+ 

V. 

y. 

%.  .... 

y..  .... 

y«  .... 

y-  .  .  .  . 

V^  bi.  y«. . 
%«  .... 

y«„bi8y„  . 

1     1     II     1     1     1   +   1 

+ 
1   +   1     1     1     1     1     1     1 

++  + 
++ 

+  - 

-     Sp. 

j 

flockung  einiger  Kolloide  ei*forderliob  Bind.  Dabei  fllllt  Bofort 
auf,  daB  die  aufstcigeuden  Linien  —  die  der  Bequemlicbkeit  wegen 
als  Kurven  bezeicbnet  sein  m^gen  —  eiuen  doppelten  Typus  (I 
und  II)  aufweisen.  Ein  dritter  Typus  bt  durcb  die  Gerade  ver- 
trcten.  Die  Lage  der  Kolloide  iu  dem  Kurvenbild  ist  ausschlieB- 
lioh  durch  die  Konzeutratioii  bedingt.  Die  Resultate  zweier  Ver- 
Buchsreihen  mit  EiweiB  sind  nur  mitgeteilt,  um  zu  zeigen,  daB 
gesteigerte  Verdiinnung  bloC  die  Lage  der  Kurve,  nicbt  aber  ibren 
Typus  ftndert.  Um  ideale  Kurven  zu  erhalten,  miiBte  man  die 
KonzentraiioQ  der  Kolloide  so  w&hlen,  daiS  sie  bei  einem  ge- 
gebenen  Gehalt,  z.  B.  Viooo  Proz.  der  Farbstoffldsung,  ihren  Null- 
punkt  b^ten.  Das  wiirde  jedocb  monatelange  Arbeit  erfordert  haben, 
ohno  den  wirklicbeu  Wert  der  bildlicben  Darstelluug  zu  erboben. 
Yon  den  Kurven  zeigen  einzelne  zuerst  eiu  allm&blicbes,  daiin 
bei  hdberer  Temperatur  ein  sebr  rascbes;  andere  dagegen  cin 
mebr  gleicbmafiiges  Ansteigen.  Der  ei*stere  Typus  ist  am  deui- 
licbsten  bei  Stilrke,  Kotextrakt  und  Mastix  ausgosprocben.  Nur 
bei  Mastix  findet  sicb  am  ScbluB,  bei  60  bis  80®,  eiu  rapidcs 
Ansteigen.  Der  zweite  Typus  ist  durcb  Serum,  EiweiB  und 
Bakterien  vertreten. 

Wir  finden,   daB   die   Ausflockung   der  Kolloide   des   ei-sten 
Typus  an  Farbstoff  bei  80<>  erfordert: 

von  Starke etwa  oo  mebr         als  bei  0® 

„   Mastix n     20  mal  mehr   »      »    „ 

„    Kotextrakt  ...       „     16   „        „       »      „    « 
n   Agar n^/i»        »       »      »» 
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Ebenso  bei  deu  Kolloiden  des  zweiten  Typus  bei  80® 

von  Serum etwa  2Vamal  mehr  als  bei  0® 

„  gekoohtem  Serum  ...  »     2%  „  „  »     n     » 

„    Eiweifi  Vm „     3  „  „  n     »     n 

„    Eiweifi  Vjo »     2  „  „  „     „     « 

„    Bac.  coli  comm »     2Va  „  „  n     n     n 

„    Bac.  typhi  abd „     2V,  „  „  »     »     » 

„    Bac.  cholerae „3  „  „  »»» 

Agar  BcheiDt  znnachBt  dem  zweiteu  Typus  anzugehdren,  doch 
entspricbt  seine  Kui-ve  zwischen  60  und  80<^  vielmebr  dem  Typus  1. 

Von  den  dem  ersten  Typus  angehdreuden  Kolloiden  sind 
Starke  und  Agar  reversibel  und  neigcn  dahor  bei  Temperatur- 
erhohung  zu  einer  Abnabme  ihrer  kolloidalen  Besohaffenheit  Eine 
Mastixsuspension  verliert  beim  £rhitzen  viel  von  ihrer  Uudurch- 
sichtigkeit,  wird  somit  anscheinend  wenigor  kolloidal.  Vom  Kotextrakt 
(klar  filtnei-ter  raaoerierter  Darminbalt  vom  Kaninchen)  ist  niohts 
naheres  bekannt;  doch  konnte  die  dunkelbraune  Ausgangsldsung, 
die  keine  EiweiBreaktion  darbot,  beliebig  lauge  gekocht  werden, 
ohne  zu  koagulieren,  oder  sonst  eine  merkliohe  Yeranderung  zu 
erfahren.  Es  soheint  danacb,  daB  sie  ihre  kolloidalen  Eigen- 
schaften  einem  reversiblen  Eolloid  verdankt,  das  beim  Erhitzeu 
minder  kolloidal  wird,  vielleicht  dem  sogenannten  Stercobilin, 
einem  Umwandlungsprodukt  der  Gallenfarbstoffe. 

Eine  weitere  Erscheinung,  die  dem  Typus  I  anzugehoren 
soheint,  ist  die  unvollstandige  Ausflockuug  mit  Agar,  Kotexti*akt 
und  Mastix  bis  80®,  die  das  Bild  der  gegenseitigen  Ausflockung 
von  Kolloiden  niederen  Grades  darbietet.  Auch  in  diesem  Punkte 
entspncht  Agar  mehr  dem  Typus  I.  Da  Agar  in  einer  Kon- 
zentration,  die  es  zum  Erstarren  befahigt,  nicht  uuter  100<*  schmilzt, 
so  kaim  man  nicht  erwarten,  daB  seine  kolloidale  Beschaffenheit 
beim  Erhitzen   ehcr  abnimmt   als   in   der  Nahe   des  Siedepunktes. 

Dem  Typus  II  gehOren  das  Serum  und  EiweiB  an,  die  in 
verdiinnter  LcJsung  wahrecheinlich  wcnig  durch  eine  Temperatur- 
erhohung  bis  80®  beeinfluCt  werden,  oder,  falls  dies  geschieht,  eher 
zu  einer  Vcrgr5Berung  der  Aggregate  neigen  diirften.  Ihnen 
schlifUen  sich  die  Baktorien  an,  die  ja  aller  Wahrscheiulichkeit 
nach  durch  die  EiweiUkorper  ihrer  Oboi-flache,  die  als  Schutz- 
koUoid  wirken,  in  Suspension  erhalten  werden. 

Der  dritte  Typus,  eine  horizontale  Gcrade,  iiudet  sich  bei  den 
anorganischcn  Kolloiden:  Ai-sentnsulfid,  kolloidalem  Platin  und 
KieseMure.     Sie   bilden  eine  Gruppe  fur   sich,   die   sich  von  den 
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organisohen  KoUoiden  dadarch  untersoheidet,  daiS  zu  ihrer  Fallung 
bei  crhOhter  Temperatur  nicht  mehr  Farbstoff  erforderlich  ist,  als 
bei  niederer. 

In  Tabelle  VII  eind  zwei  Versiiche  mil  anorganiscben  KoUoi- 
den n&ber  ausgefiibrt. 


TabeUe  VII.     Farbstoffe  und  auorganiscbe  Kolloide. 


Janu»gniD 
Proz. 

v.,  bis  Vsoo     .    . 

/>•••  

/lM» 

/«••• 

/•••• 

'Am*  bw  '/»    •    • 


Kolloidales  Platin 


20" 


40* 


60» 


-I- 
+  +  + 
+  +  + 

+ 


+  +  + 
+  +  + 


+  +  + 
+++ 

+  +  + 


+  +  + 
+++ 

+  +  + 


80" 


+  +  + 
+  +  + 
+++ 

+  +  + 


Nachtblau 
Proz. 

Vft  bis  y,oo. .  . 

/i»»o  

/«•«« 

vZ  bis  y„  .  . 


ArsentrisulBd 


20* 


40* 


60* 


80« 


+++      +++ 

+  +  +  + 

+  + 


+++ 

+  +  + 


+  +  + 

+  +  + 


++  + 

+  +  + 
+  +  + 
+  +  + 


TabeUe  VII  zeigt,  dafi  das  Optimum  der  Ausflockung  von 
koUoidalem  Platin  durcb  Janusgriin  fOr  alle  Temperaturen ,  ab- 
ge^ehen  von  einer  innerbalb  der  Fehlergren^en  liegenden  Ab- 
weichung  bei  40<*,  bei  V2000  Froz.  iiegt.  Die  Konzentration  von 
Vi:voo  Froz.  Nacbtblau  ist  das  Optimunfi  der  Ausflockung  von 
Arsentrisulfid ,  wenngleich  die  FaUungszone  bei  80®  eine  Vcr- 
breitorung  zeigt  Es  sei  daran  erinnert,  daB  der  optimale  Punkt 
nicbt  notwendig  in  der  Mitte  der  Ausflockungszone  Iiegt,  sondern 
jener  Konzentration  entspricbt,  bei  der  die  Flockenbildung  am 
rasohesten  auftritt  und  in  der  ersten  Zeit  am  meisten  aus- 
gesprocben  ist  Ohne  sorgfUltige  Beohachtung  von  Anfang  an 
kann  man  ihn  ieicbt  iibersehcn. 
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Wird  das  ArsentrUulfid  oder  das  kolloidale  Platin  vorher 
einc  Stunde  lang  gekocht,  so  andeii;  das  weder  die  AusflockuDgs- 
zone,  Doch  den  optimalen  Punkt  Das  Kochen  scheint  auf  diese 
zwei  anorganischen  KoUoide  ganz  ohne  EinfluB  zu  sein. 

Theoretische  Betrachtungen. 

Wir  haben  aus  Tabelle  HI  bereits  entnommen,  daU  sich  bei 
Variation  des  Bakteriengehalts  und  konstanter  Farbstoffkonzeu- 
tration  eine  absteigende  Kurve  ergibt  Ein  ahnliches  Experiment 
mit  Mastix  in  Tabelle  VI  liefert  eine  umgekehrte  Kui-ve.  Die 
absteigende  Kurve  zeigt  den  gleicben  Typus  wie  die  aufsteigende 
Kurve,  die  durcb  Variation  der  FarbstofEkonzentration  erbalten 
wird,  so  daU  beide  Kurven  sich  wie  Spiegclbilder  verhalten.  Es 
ist  daber  einleuchtcnd,  daU  in  jedem  Fall  init  dera  Ansteigen  der 
Temperatur  raehr  Farbstoff  und  weniger  organiscbes  KoUoid  zur 
Auslosung  der  Flockenbildung  bendtigt  werden.  Bei  den  rever- 
siblen  KoUoiden  sind  die  Unterschiede  viel  grOUer  als  bei  irre- 
versiblen. 

Da  Farbstoffe  reversible  Kolloide  sind,  so  bt  zu  erwarten,  daO 
sie  in  der  Warme  weniger  kolloidal  werden,  und  Versuche  mit 
Dialyse  scheinen  dies  zu  bestfttigen.  Hatten  wir  es  sonacb  nur  mit 
Typus  II  zu  tun,  wo  der  kolloidale  Charakter  der  Bakterien  sich 
anscheinend  nicht  andert,  wShrend  der  des  Farbstoffs  mit  Tem- 
peraturerhohung  abnimmt,  so  kdunte  die  Erklarung  der  Erechei- 
nung  in  der  Annahrae  gefunden  werden,  daO  der  Farbstoff,  indem 
er  an  kolloidaler  Beschaffenheit  verliert,  auch  an  Fahigkeit  ein- 
buBt,  die  Bakterien  auszuflocken,  und  umgekehrt  die  Bakterien  in 
dem  MaBe  fahiger  werden,  den  Farbstoff  auszuflocken,  als  dieser 
weniger  kolloidal  wird. 

Eine  solche  Erklarung  ist  jedoch  nicht  stichhaltig,  da  Stai-ke, 
Agar  und  Mastix  rait  dem  Ansteigen  der  Temperatur  weniger 
kolloidal  werden  und  daher  auf  die  Kurven  den  umgekebrten  Ein- 
fluB ausiiben  miiBten.  Aber  im  Gegenteil  zeigcn  die  Kui'ven  mit 
diesen  reversibleu  KoUoiden  bei  hohereu  Tempemturen  das  steilste 
Ansteigen. 

Wir  kdnnen  daher  nur  sagen,  daB  mit  steigender  Temperatur 
die  Affinitat  der  orgauischeu  Kolloide  zu  den  Fai-bsloffen  zunimmt, 
was  durchaus  mit  den  Erfahrungen  der  praktischen  Farberei  im 
Einklang  steht,  aber  keine  Erklarung  der  Ei-scheinung  darstellt 
Diese  Regel  trifft  iiberdies  fiir  die  anorganischen  Kolloide 
nicht  zu. 
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Es  scheint  schwierig,  diese  Tempei-aturkurven  .mit  der  ge- 
lanfigen  Theorie  in  Eiuklaug  zu  bringen,  wonach  die  AusflockuDg 
durob  die  Nei^tralisation  elektriscber  Ladnngen  ziistande  kommt 
Wenn  die  AoDabine  ricbtig  ist,  daU  die  FarbstofflOsung  durcb 
Erwiinnen  weniger  kolloidal  wird,  Serum  und  BakterieDsuspeusion 
aber  nicbt,  dann  wlire  zu  vermuteD,  daB  in  der  Farbstofflosung 
die  Zabl  der  elektiiscb  geladeuen  Aggregate  zunimmt,  und  da- 
nach  sollte  weniger  FarbstofE  zur  Aueflockung  eiiier  gegebenen 
Bakterienmenge  erforderlicb  sein.  AUeiu  gerade  das .  Gegenteil 
ist  der  Fall. 

Es  sobeint  kein  geniigeuder  Gruud  fiir  die  Annabme  gegeben, 
dsL&  eiu  grofies  kolloidales  Aggregat  relativ.oder  absolut  st&rker 
geladen  ist  als  ein  kleineres.  Wabrscbeiulicb  bestebt  das  Aggregat 
eines  Farbsalzes  aus  einer  Anssabl  nicbt  dissoziierter  Molektile  und 
einem  dissozjierten,  welcbem  es  die  elektriscbe  Ladung  verdankt, 
Bei  Steigerung  der  Temperatur  und  entsprecbend  erb^bter  Tendenz 
zur  lonisation  dtirften  die  Aggregate  zerfallen  und  kleiner  werden, 
aber  jedes  einzelne  Aggregat  durfte  nocb  ein  dissoziiertes  Molekiil 
entbalten  und  die  gleiche  elektriscbe  Ladung,  —  die  natiir- 
licbe  Einbeit  —  tragen,  wie  das  gr6Bere  Aggregat,  aus  dem  es 
bervorgegangen  ist.  • 

Basische  Uydroxyde. 

Nimmt  man  statt  eines  basiscbcn  Farbstoffs  ein  basiscbes 
llydroxyd,  z.  B.  Eisenhydroxyd ,  so  ergibt  sicb  beira  Erw^rmen 
koine  merklicbe  Anderung  des  Optimums. 

In  Tabelle  VIII  sind  die  Kesultate  angefiibrt,  die  einerseits 
mit  zwei  irreversiblen  und  zwei  reversiblen  Eolloiden,  andereraeiU) 
mit  zwei  negativen  Farbsalzen  erbalten  wurden.  An  einigen 
Stellen  ist  eine  Tendenz  zur  Erbdbung  des  Attsflockungsoptimums 
bei  80*^  erkennbar,  docb  sind  wir  geneigt,  dies  der  UnvoUkomraen- 
beit  der  Metbode  zuzuscbreiben.  Wenn  kolloidales  Ferribydroxyd 
in  einem  Probierglas  gekocht  wird,  so  fallt  es  scblieBlicb  aus,  ver- 
mutlicb  infolge  der  Spmen  Kieselsaure,  die  aus  dem  Glas  auf- 
genommeu  werden.  Es  ist  sehr  wobl  mdglicb,  daB  Spuren  von 
Kieselsaure  —  vermutlicb  kolloidaler  —  scbon  bei  80<*  in  TjOsung 
geben,  sicb  mit  einem  Teil  des  Ferribydroxyds  verbinden  und  so 
seine  Wirkuug  abscbwilcben. 

Ferribydroxyd  verbSllt  sicb  sonacb  anscbeinend  gegeniiber 
negativen    KoUoiden     sebr     abnlicb    wie    Arsentrisulfid    und    die 
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Tabelle  VIII.    Ferrihydroxyd  mit  versohiedeDen  Kolloiden. 


Fe(OH), 
VerduDDUDg 


Serum  Vsq^  Proz. 


20^' 


40*^ 


60« 


80* 


%.  bis  y^ .  .  . 

V4. 

Vac 

/ifto 

Vfoo  bis  Voo     .   . 

Fe(OH), 

Vi.  bis  V^  .   .    . 


V« 


/IM     •      •     • 

'/,«,  bis  V« 


Kongorot 

V«  bi.  y^  .  . 

v.- 

/eoo 

v.^  bi.  y.  .  . 


+++ 
+++ 


+++ 
+++ 

+++ 


+++ 


++ 
+++ 

+ 


++ 
+++ 

+++ 


+ 
+++ 

+ 


Stilrke  y,  Proi. 


Ferrihydroxyd  y,^  Pro». 






... 

+ 
+++ 

+++ 

+ 
+++ 

+++ 

+ 
+++ 

+++ 

— 

— 

— 

.^ 





+++ 

+++ 

— ? 

+++ 

+++ 

+++ 

— 

— 

— 

+++ 
+++ 


+++ 
+++ 
+++ 


Fe(OH). 
VerdiiDDung 


Typhusbazillen 


20'» 


40'' 


60® 


80*^ 


V5e 
V,- 


Am 

/l5i» 
/«00 

/&0 
/lOO 
/l5« 


J  bis  Voo    . 
bis  Veo  .   . 


bis  y«    .  . 
Fe(0H)8 


bis  Voo 


+++ 


+++ 
+++ 

+++ 


+++ 


+++ 


+++ 

+++ 


+++ 
+++ 

Koteitrakt 

+  +  + 
+  +  + 

+  +  + 


+  +  + 
+  +  + 


+  +  + 
+  +  + 


Alizarinrot  Vaw  Proi. 


+++ 


++  + 


+++ 
+++ 


+++ 
+++ 

+++ 


+++ 
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iibrigen  untersucbten  anorganisohen  Kolloide  gegeniiber  basisoben. 
Bei  grapbiseber  DaretelluDg  w&rde  es  eine  Geradc  geboD. 

Mastix  scbeint  dagegen  eine  AusDabme  von  dieser  Regel  zu 
bildeu.  Es  gibt  iu  diesem  Falle  eine  Kurve,  die  dem  Typus  I 
der  Tafei  eutspricbt. 

Tabelle  IX.     Ferribydroxyd  und  Mastix. 


Fe(OH), 
VerdfinnuDg 


Versuchsrtibe  I 


Mastix  y^^  AusgangslosuDg 


0« 


20« 


40* 


60" 


80*' 


y«  bis  % 

Vm  . .  . 

V.00    .  .  . 

y-o . . . 

/low  •  •  • 

/«H0  •  •  • 

/a»—  •  •  • 

/ww  •  •  • 


+++ 

+  +  + 


+++ 

+ 


+  +  + 
+++ 
+++ 

+  + 


+ 
++ 

+ 


+++ 

+ 


Mastix 
VerdiinnuDg 


Versuchsreihe  II 


Fe(0H)3  Vi,^  Ausgangslosung 


20* 

40« 

60* 

+  +  + 

+  +  + 



+  +  + 

+  +  + 

— 

+  +  + 

+  +  + 

— 

— 

+  +  + 

— 

-- 

— 

+  ++ 

— 

— 

+  +  + 

— 

— 

+  +  + 

— 

"— 

80« 


■A. 

/ao 
Aoo 

/l»0 

v.- 


+  +  + 
+  +  + 
+  +  + 


+  +  + 
+++ 


Tabelle  IX  zeigt,  dafi  bei  Erb^bung  der  Temperatur  zur  Aus- 
flockung  mebr  Ferribydroxyd  und  weuiger  Mastix  ben5tigt  wird. 
In  der  Versucbsreibe  I  ist  bei  80®  zebumal  mebr  Fcn'ibydroxy*! 
erforderlicb  als  bei  0^  und  abnlicbe  Verbaltnisse  weisen  die  anderen 
Proben  auf.  Die  beiden  Versucbsreiben  wurdcn  ganz  unabbHugig 
voneinander  angestellt,  trotzdem  fallen  die  Optima  sebr  nabe  zu- 
sammen.  Bei  den  niederen  Temperaturen  sind  die  Zonen  etwas 
breit  und  das  Optimum  konnte  nicbt  sebr  scbarf  bestimmt  werden, 
aber  bei  60  und  80®  tritt  es  beiderseits  sebr  gut  bervor. 
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So  ergibt  eich  aus  Reihe  I  bei  60^  Vsoo  •  Vso  =  ^'l2oo  •  Vao* 
w&hrend  in  Reihc  II  Vioo  gefundeii  wird. 

Aus  Reibe  I  bei  80*  berechnet  sioh  V400  •  Veo  =  V1200  •  Vi8o» 
wahrend  der  Veraucb  in  Reihe  II  einen  Wert  zwischen  ^^,50 — Vjo^, 
anuahernd  V175  ergibt. 

Einige  wenige  Versuche  mit  Aluminiumhydroxyd  lieferten 
ganz  analoge  Resultate  wie  jene  mit  Ferrihydroxyd,  eiuschlieBlicb 
der  Ausnahme  bei  Mastix.  Dieses  wird  sonaoh  von  den  basiscben 
Hydroxyden  in  sehr  Hhnlicher  Weise  beeinfluBt  wie  die  Far^stoffe; 
die  anderen  untersuchten  Eolloide  scbeinen  dagegen,  weun  sie  mit 
Hydroxyd  zusammengebalten  werden,  einer  ganz  anderen  Regel 
zu  folgen. 

Es  Bcheint  nicht  moglich,  fQr  diese  verschiedenen  Erschei- 
nungen  eine  allgemein  giiltige  Deutung  zu  finden,  doch  scbeinen 
die  Vei*8uche  darauf  binzuweisen,  dafi  wir  es  mit  vier  Gruppen 
von  KoUoiden  zu  tun  baben,  zwiscben  denen,  soweit  es  nacb 
ibrem  Verbaiten  gegen  WUrmescbwankungen  erkennbar  ist,  irgend 
welcbe  tiefgreifende  IJnterschiede  besteben. 


Kolloide 


1.  FarbBtoffe  | 

2.  Reversible  organ,  j 

Kolloide  \ 

8.  Irreversible  organ,  i 

Kolloide  \ 

4.  Anorganiscbe   Kol-  f 

loide  \ 


Bei  Erhohung  der  Temperatur 


Leiobter  von  organiscben,  niobt  von  anorganiscben 

Kolloiden  anfgenommen. 
Sebr  gesteigerte  Farbstoffaffinitat,  keine  Steigerong 

gegenuber  anorganiscben  KoUoiden^). 
Mafiig  gesteigerte  Farbstoffaffinitati  keine  Steige- 

rung  gegenuber  anorganiscben  KoUoiden*). 
Keine  Anderung  der  Affinitat  fur  Farbstoffe  oder 

andere  Kolloide'). 


Einige  wenige  Versuebe  mit  basiscben  Hydroxyden  gegen- 
iiber  negativen  anorganiscben  Kolloiden  fiibrten  zu  keinem 
positiven  Ergebnis.  Die  Ausflockungszouen  waren  breit  und  die 
Optima  konnten  nicbt  befriedigend  bestimmt  werden.  Immerbin 
waren  Anzeicben  dafiir  vorbanden,  dafi  die  Temperaturerbobung 
keinen  EinfluB  auf  die  Lage  des  Ausflockungsoptimums  bat 

Reversion. 

Wie  oben  gezeigt,  variiert  die  Zone  der  Ausflockung  von 
negativen  Kolloiden   durcb   basiscbe  Farbstoffe   erbeblicb   rait  der 


*)  Mit  Ausnahme  von  Mastix  gegenuber  Fe(0H)8  und  A1(0H)3. 
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VersuchBtemperatur.  Es  schien  von  IntereBse,  festzustellen,  ob 
nach  Aasflockuog  bei  einer  gegebenen  Temperatar  mil  Anderung 
derselben  eine  Wiederherstellung  des  urspriinglichen  Zustandes 
eintritt.  Tabelle  X,  Nachtblau  —  Starke,  ist  typisch  fiir  die  dabei 
gewdhnlich  gefandenen  Kesaltate.  Sie  ist  ausfiihrlich  mitgeteilt, 
damit  die  Umkehrung  in  einer  ganzen  Reihe  von  Proben  ersicbt- 
liob  wird,  was  eineu  zufaUigen  Befund  aussohlieBt. 

Tabelle  X.    Reversion.    Naobtblau  und  Starke. 


» 

Stiirke  y,  Proz. 

Nachtblau 

VersQchareiha  I 

Venuchsreihe  11 

Proz. 

0« 
24  Stdn. 

24  Stdn.  bei  0«, 

dano 
24  Stdn.  bei  40° 

40« 
24  StdD. 

24  Stdn.  bei  40°, 

dann 
24  Stdn.  bei  0* 

y«  bis  y,^  .  . 

Vm 

y.« 

v.- 

y.« 

v«. 

y«. 

y». 

'u 

y«. 

y- 

v«. 

ym 

y«.  bis  y,  . . 

+  +  + 

+  +  + 

+  +  + 

+  + 

+  +  + 
+  +  + 
+  +  + 
+  +  + 
+  +  + 
+  +  + 

-•) 
-•) 
-•) 
-•) 

+++ 
+++ 
+++ 
+++ 

+  +•) 
+  +  +') 
+  +  +•) 
+  +  +  ') 
+  +  +  ') 

-*) 
-*) 
-•) 
-•) 
-•) 
-•) 

Wie  aus  Tabelle  X  hervorgeht,  lieBeu  wir  in  VerBucbsreibe  I 
Nachtblau  24  Stunden  bei  0^  auf  Starke  einwii*ken,  die  Aus- 
flockungszone  reicht  von  Vaso  ^^^  Vseo  Proz.  Nachtblau.  Nachdera 
die  Proben  dann  24  Stunden  bei  38  bis  40o  gehalten  worden 
waren,  ergibt  sich  die  Ausflockungszone  von  Vuo  ^^^  Viso  Proz. 
und  die  Proben  Vsao  ^^^  Vseo  Proz.  zeigen  v5llige  Umkehrung. 
Der  Typus  der  Ausflockung  entspricht  praktisch  genau  jenen  der 
ersten  Spalten  von  Reihe  II,  wo  vorher  nicht  mit  einer  Temperatur 
von  0^  behandelt  worden  war. 


*)  Keine  Umkehrung. 

*)  Keine  Flookenbildung  bei  0",  wie  sie  ohne  vorheriges  Erhitzen  auf 
40^  eingetreten  ware. 
*)  Umkehrung. 
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In  Reihe  IE,  wo  die  Proben  erst  24  Stunden  bei  40^,  dann 
die  gieiohe  Zeit  oder  gar  48  Stauden  bei  0®  gehalten  wurden,  ist 
nicht  bloB  keine  Umkehrung  in  den  Proben  mit  Viso  ^^ 
Vsdo  Pi*oz.  naohweisbar,  sonderu  es  fehlt  aach  die  Aosflookung  von 
Vaso  ^^  V5605  ^^^  ^^^®  vorgangige  Behandlung  bei  40<>  h&tte  ein- 
treten  sollen. 

Bakterien  zeigen  dasselbe  Verhalten. 

Tabelle  XL     Reversion.    Janusgrun  and  Cboierabazillen. 


Cholera- 

aa8ganfssQ8p«nsion 

YerdfinnuDg 


Janosgran  Vg^  Proz. 


Nonnale  Ausflockangszone 


Anderang  mit 
Temperaturerhohung 


v..  bis  V„ 

v..  .  •  • 

'A-  •  •  • 
'/m  •  •  • 
V«.  •  •  • 

'/«.••• 
'/«.••• 


24  Stdn. 


40* 
24  Stdn. 


80» 
3  Stdn. 


zuentO*,  ;  znentO*, 
dun  b«l  MOjdaiin  bei  800 
.  24  Stdn.  I    3  Stdn. 


+  + 
+  +  + 
+  +  + 
+  +  + 


+  +  + 

+  +  + 
+  +  + 


+  +  + 
+  +  + 


-') 

-') 

+  +  + 

+ 
+  +  + 
+  +  + 


-') 
+  •) 


-        ■!-+  + 


Cholerabazillen 


80° 
1  Stde. 


1  Stde.  bei  80*, 
dann  bei  20* 

24  Stdn. 


+  +  + 

■I-+  + 

+  +  + 

+  + 


+  +  + 
+  +  + 
+  +  + 

+  + 


Keine  Um- 
kehrung 

Keine 
Flocken- 
bildung 


*)  Vollige  Umkehrung. 
*)  Teilweise  Umkehrung. 


Digitized  by 


Google 


Einflufi  der  Temperaiur  auf  die  Aasflookong  yon  Kolloiden.        497 

Die  eraten  drei  Spalten  der  Tabelle  XI  geben  die  Aus- 
flockungszonen  der  Cholerabazdllen  durcb  Jauusgrun  bei  0,  40 
und  80®;  Spalte  4  lebrt,  dafi  eine  volistaDdige  Anderung  im  Aus- 
flockungstypuB  eintritt,  wenn  die  0<>-Reihe  24  Stunden  bei  40®  ge- 
haiten  wird.  Ebenso  erfolgt  die  Ausflockung  nabezu  gaDz  nach 
dem  Typus  der  80®-Reibe,  sobald  die  0®-Reihe  3  Stunden  auf 
80®  erwarmt  wqrden  ist.  Wahi*8cheinlicb  wSre  bei  l&ngerer  Dauer 
des  £rbitzenB  die  Umkehrung  auoh  bei  Yaso  ^^d  ^/soo  Proz,  voU- 
stlUidig  geworden.  Nach  Einwii'kung  von  80®  wurden  die  Proben 
24  Stunden  bei  20®  gebalten,  ohne  daB  Anderung  eintrat.  Dieses 
Endstadium  ist  in  der  Tabelle  nicht  verzeiohnet,  wohl  aber  finden 
wir  in  Reibe  2,  daB  beim  Heiajniergeben  von  80  auf  20®  in  den 
Proben  mit  Vso  ^^  Vuo  Proz.  Janusgriin  keine  Umkehrung  ein- 
tritt,  ebenso  dafi  die  Ausflockung  bei  Vieo  ^^  ^/ao  Proz.  ausbleibt, 
wo  sie  normalerweise  bei  20®  h&tte  ei*folgen  mfissen. 

Andere  untersuchte  Bakterien,  so  Typhus-,  Coli-  und  Pyocya- 
neusbazillen,  zeigen  die  gleiche  Reversion  sowohl  mit  Janusgrun 
als  auch  mit  Nachtblau. 

Eine  Umkehrung  vom  Typus  der  h^heren  zu  jenem  nie- 
derer  Temperatur  vnirde  niemals  beobachtet,  aber  auch  die  Re- 
version von  niedrigen  zu  hohen  Temperaturen  gibt  nicht  bei  alien 
Kolloiden  befriedigende  Resultate.  Die  Ausflockungszonen  von 
Serum-  und  EiereiweiB  sind  breit  und  decken  sich  bei  verschie- 
denen  Temperaturen  zum  Teil,  so  dafi  die  Randzonen,  in  denen 
sich  die  Umkehrung  zeigen  kann,  verhliltnismlUSig  schmal  sind,  so 
dafi  ihr  Auftreten  einigermafien  zweifelhaft  bleibt  Doch  sin'd  An- 
zeichen  dafur  vorhanden,  daB  Serumalbumin  eine  unvoUkommene 
Umkehrung  zeigt,  Eieralbnmin  aber  nicht 

Es  ist  von  Interesse,  daiS  Bakterien,  die  an  sich  leicht  die 
Reversion  der  Ausflockung  zeigen,  sich  nach  einstiindigem  Kocheu 
insofern  abweichend  verhalteu,  als  sie  keine  Umkehrung  der  durch 
Erw&rmen  erreichten  Ausflockung,  aber  auch  keine  Behinderung 
derselben  bei  niederer  Temperatur  zeigen,  wie  sie  sonst  nach  Er- 
wlU*men  eintritt. 

Nach  dem  Erhitzen  der  Bakterien  auf  75®  ist  die  Reversion 
vielleicht  etwas  weniger  deutlich  als  vorher  ohne  vorgJlngiges  Er- 
hitzen. Bei  der  groBen  Zahl  der  sowohl  mit  unerhitzten  als  mit 
gekoohten  Bakterien  ausgefiihrten  Yersuche  kann  an  der  Richtig- 
keit  der  Beobachtung  kein  Zweifel  sein. 

Aus  Tabelle  XII  entnimmt  man,  daB  die  Ausflockung  von  ge- 
kochten  Bakterien  durch  Janusgrun  bei  0®  von  Vaoo  ^^^  Vioo  Proz. 


Digitized  by 


Google 


498 


B.  H.  Buxton  und  Alfred  H.  Rahe, 


Tabelle  XII.    Ruversionsversuch.    Gekochte  Typhusbazillen 

und  Jauusgriin. 
Die  Typhusbazillen  in  diinner  Suspension. 


! 

Erst  nieilrige,  dann  hohere  Temperatur 

Janusgriin        | 
Proi. 

erst  0», 
O"              dann 
40» 

40» 

20» 

erst  20", 

dann 
5  Stdn. 
bei  60« 

3  Stdn. 
bei  60» 

'/..  bis  V«   .    • 
'/.« 

v». 

y«. 

Vm 

'/«. 

%.. 

'/„.  bis  '/«      . 

4- 

+  + 
+  + 

++  + 
+  ++•) 

-1- 
1     1     1     1   +   i     1     1     1 

+ 

+  +  + 
+  + 
+  + 

+  + 

+  +  + 

+  +  + 

+  +  +  ') 

+  +') 

+  +  ') 

+ 
+  + 

1 

Erst  hohere,  dann  niedrige  Temperatur 

Janusgriin 
Proi. 

2  Stdn. 
bei  80« 

80«, 

dann 

20" 

20° 

40» 

40», 

dann 

0" 

0« 

'/m  bis  y„  .  . 

v... 

'/.« 

v«. 

'/.«, 

'/...  

'/,« 

%.o  bis  V„     . 

+ 

+  + 

+  +  + 

+ 
+  +  + 
+  +  + 

-•) 
-') 

+  +  + 
+  + 
+  + 

+ 
1     1     1     1   +   1     1     1     1 

+ 

+  +  + 
-•) 
-') 
-•) 

+ 
+  + 
+  + 

erfolgt,  und  daB  nach  24stundigera  Verweilen  bei  40<>  keine  Re- 
version eintritl,  sondern  der  40^-Typus  sich  einfacb  dem  0<^-Typu8 
superpouiert,  so  daB  nun  die  Ausflockung  von  V260  bis  V400  Pi'oz. 
reicbt.  Die  gleiche  Erscheinung  ist  bei  Erhohung  der  Temperatur 
von  20  auf  60®  zu  beobachten.  Beira  Hei*abgehen  der  Temperatur 
von  80  auf  20<*  oder  von  40  auf  0^  tritt  keine  Anderung  ein. 


^)  Hier  ware  Umkehrung  eingetreten,  wenn  die  Bakterien  nicbt  gekocbt 
worden  waren. 

')  Hier  w&re  Ausflockung  eingetreten,  wenn  niobt  die  Behandlung  bei 
boherer  Temperatur  vorangegangen  ware. 
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Erklftrungsversuche  fiir  diese  Erscheinung:. 

Naoh  dem  MitgeteUten  wird  der  Typus  der  Ausflockung 
negativer  organischer  Eolloide  duroh  Farbstoffe  beim  Ansteigen 
der  Temperatur  z.  B.  von  0  auf  40^  durchaub  verandert,  wUhreod 
das  Absiuken  z.  B.  von  40  auf  O^^  ohne  EinfluB  ist  In  der 
Ausflockungszone  besteht  offenbar  eine  Bindung  zwischen  beiden 
Kolloiden.  Werden  die  beiden  entgegengesetzt  geladenen  Kolloide 
in  einem  solcben  Verb&ltnis  gemischt,  dafi  keine  Ausflockung  ein- 
tritt,  und  nun  ein  elektrbcber  Strom  durcbgeschickt,  so  wandert 
das  im  UberscbuB  vorhandene  Kolloid  nacb  seiner  Eiektrode  und 
f&brt  das  in  geringer  Meiige  vorbandene  mit  sich.  Beide  Kolloide 
mfissen  sonacb  miteinander  verbunden  sein,  wenngleicb  sonst  kein 
Anzeicben  dafUr  gegeben  ist. 

Nebmen  wir  weiter  beispielshalber  an,  dafi  es  sicb  um  eincn 
EiweiBkdrper  bandelt,  der  sicb  gegen  Temperatursteigerung  so 
verb&lt,  wie  Bakterien  gegen  Kacbtblau,  und  nebmen  weiter  an, 
dafi  die  Aggregate  des  EiweiBk^rpers  beim  Hinaufgeben  der  Tem- 
peratur von  0®  auf  40®  nicbt  verilndert  werden,  bingegen  die 
Aggregate  der  Kacbtblauldsung  zerf alien  und  kleiner  werden,  so 
ist  klar,  dai3,  falls  jedes  EiweiBaggregat  bei  0®  eiue  bestimmte 
Zabl,  z.  B.  zwei  Kacbtblauaggregate  absorbierte,  es  bei  40®  mebr, 
z.  B.  vier  solcbe  Aggregate  absorbieren  wird.  Nun  mOgen  vier 
solche  kleiuereu  Nacbtblauaggregate  nicbt  zur  Ausflockung  aus- 
reicben,  dazu  m5gen,  da  das  Optimum  bei  8  liegt|  6  bis  12  er- 
forderlicb  sein.  Entspracb  daber  das  Optimum  der  Ausflockung 
bei  0®  einer  V200  proz.  Nacbtblauldsung,  so  wird  bei  40®  eiue 
doppelt  so  bobe  Konzentration,  Vioo  Proz.,  erforderlicb  sein  1). 

Wenn  nacb  der  Ausflockung  bei  0®  die  Temperatur  auf  40® 
erbdbt  wird,  so  besteht  kein  Hindernis,  da£  sicb  von  der  frei- 
liegenden  Oberfl&cbe  der  Nacbtblauaggi*egate  kleinere  Aggregate 
losl5sen;  die  so  entstandenen  Tochteraggregate  verteilen  sicb  auf 
die  EiweiBaggregate  unter  Ver^uderung  des  Ausflockungstypus 
zu  dem  fiir  40®  geltenden,  d.  b.  es  kommt  zu  Zerfall  der  Flocken, 
da  bei  Vaoo  Proz.  bloB  vier  Farbstoffaggi-egate  auf  jedes  EiweiC- 
aggregat  kommen.  Bei  Viuo  Froz.  aber  wird  Ausflockuug  ein- 
treten,  weil  dann  je  acbt  auf  ein  Eiweiikiggregat  einwirkon  kdnnen. 
Beim  Herabgeben  der  Temperatur  von  40  auf  0®  bleiben  die  acbt 

*)  Wir  verkennen  nicht,  daiS  bei  Steigerung  der  Konzentration  eine 
Neigong  zur  Vergrdfierung  der  Aggregate  bestehti  so  dafi  das  hypothetische 
Optimum  bei  Vi&e  Proz.  statt  Vioo  begen  koDnte.  Doch  war  es  bei  obiger 
Darlegung  nicbt  notwendig,  aucb  diesen  Pankt  in  Recbnung  zu  zieben 
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an  jedem  EiweiBaggregat  anhaftenden  FarbstofEaggregate  einzeln 
an  dieses  gebunden  und  siud  daher  unfdbig,  gr^Bere  Aggregate 
unter  sich  zu  bildeu.  Daher  bleibt  der  Typus  der  Aasflookung 
unverHndert  und  geht  nicbt  in  den  0®- Typus  uber. 

Nach  dieser  Auffassung  kdnnte  sich  der  Ausflockungstypus 
bei  Temperatursteigerung  ^ndern,  ohue  da£  ein  Zerfall  der  Ver- 
bindung  beider  Kolloide  vorauszugeheu  brauchte,  w^hrend  bei  Tem- 
pei-aturabnahme  erst  ein  Zerfall  der  schon  vorhandeueu  Verbindung 
und  eine  neuerliche  Bindung  von  etwas  anderem  Charakter  er- 
folgen  muBte,  damit  sich  der  Ausflockungstypus  tlndert. 

Es  bliebe  noch  die  Superposition  des  40^ -Typus  iiber  den 
0*^-Typus  zu  besprechen,  wie  sie  bei  gekochten  Bakterien  und 
wahrscheinlich  auch  beim  EiereiweiU  als  Folge  der  Temperatur- 
steigerung zu  beobachten  ist;  doch  m5cbten  wir  zunHchst  auf  eine 
Deutung  dieser  Erscheinung  verzichten. 

Diese  Yersuche  iiber  Reversion  weisen  anscheinend  darauf 
hin,  daB  in  der  Farberei  eine  bessere  Fixation  und  Wasch- 
best&ndigkeit  erreioht  wird,  wenn  das  F^rben  bei  hdherer  Tem- 
peratur  ausgef  iihrt  wird.  Tatstlohlich  wird  das  F^rben,  abgesehen 
von  dem  Fall,  daB  es  sich  um  eine  Diazotierung  auf  der  Faser 
handelt,  bei  erhohter  Temperatur  ausgefiihrt,  uni  die  Aufnahme 
des  FarbstofEs  zu  beschleunigen,  und  wir  wissen  nicht,  ob  dabei 
jemals  die  Fixation  in  Betracht  gezogen  worden  ist.  Wir  haben 
in  den  gebrauchlichen  Lehrbiichern  iiber  Farberei  nach  einem 
sicheren  Hinweis  gesucht  uud  nur  folgende  wichtige  Bemerkung 
von  Georgiewicz^)  gefunden,  die  sich  auf  die  Wirkung 
basischer  Fai-bstofEe,  auf  mit  Farbsaure  oder  Fetts^uren  gebeizte 
BaumwoUfaser  bezieht:  ^Manche  Farber  Ziehen  es  vor,  ohne  Er- 
warmen  zu  farben,  da  so  gianzendere  Farben  erhalten  werden; 
doch  sind  diese  nicht  so  gut  fixiert,  wie  bei  Anwendung  des 
Warmeverfahrens  (60^)  und  die  Methodc  ist  daher  nur  fiir  hellere 
und  mittlere  Nuancen  zu  eropfehlen.^ 

In  den  angef  iihrten  Versucheu  wurde  die  Tempei-atur  wahrend 
der  ganzen  Beobachtungszeit  konstant  erhalten:  die  Tatsache,  dafi 
das  Herabgehen  der  Teraperatur  keine  Anderung  des  Aus- 
flockungstypus bedingt,  weist  darauf  hin,  daB  es  zur  Erreichung 
des  Warmetypus  geniigen  diii*fte,  die  zwei  Kolloide  bei  der  be- 
trefEenden  Teraperatur,  60  bis  80®,  zu  mischen,  die  Proben  nach 
einigen  Miuuten  aus  dem  Wasserbade  herauszunehmen  und  bei  20® 


*)  Chemical  technology  of  textile  fibres,  p.  145. 
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Bioh  selbst  zu  fiberlassen.  Tabelie  XUI  sprioht  fiir  die  Richtigkeit 
dieser  Sohlufifolgerung,  doch  reioht  die  Zahl  der  Yersuche  nicht 
zar  SicherBtellung  dieses  Panktes  aas. 

Tabelie  Xm.     Colibazillen. 


KontrollTenache 

Gemischt  bei  60^ 

Kontrol  1  v^erauche 

Qemillchtbei60^ 

NtchtbUa 

in  5  Min    anf  20® 

JiiDa<grun 

in  5  Min.  ab- 

W 

60« 

abgekiihlt, 

20*^ 

eo^* 

gekahlt  auf  20^ 

Proz. 

24  Stdn. 

2  Stdn. 

24  Btdn.  Stehen 

Proi. 

^  Stdn. 

2  Stdn. 

24  Stdn.  Steheii 

'/„... 

._ 



__ 

Vm  .    .    . 

.^ 

_« 

.^ 

Vm  . . 

— 

+  + 

+++ 

y...  .  . 

— 

+  +  + 

+  +  + 

Vm     •    . 

+  +  + 

— 

— 

V,M    .  • 

— 

— 

— 

'/«.     .    • 

+  +  + 

— 

— 

V«o     .    • 

+  +  + 

— 

— 

v«.  .  • 

— 

— 

— 

Vm     •    . 

+  +  + 

— 

— 

Man  darf  aus  der  Tabelie  schlieBen,  daB  die  YerbinduDg  der 
zwei  Kolloide,  wenigstens  in  der  Wlirme,  fast  augenblicklich  er- 
folgt,  die  eigeDtliche  Ausflockung  aber  laDgsamer  zustaude  kommt. 

Schlufifolgerungen. 

1.  Ausflockung  durcb  Farbstoffe. 

a)  Znr  Ausflockung  negativer  organischer  Kolloide  bedarf  es   um 

so  mehr  Farbstoff,  je  hdher  die  Temperatur  ist 

b)  Der    progressive    Mebrbedarf   an    Farbstoff    bei    Temperatur- 

erhdhung  ist  bei  reversiblen  Kolloiden  viel  grdfier  als  bei 
irreversiblen. 

c)  Bei  anorganischen  Kolloiden  fehlt  er. 

2.  Ausflockung  durch  basische  Hydroxyde. 
Die  Menge  an  basischem  Hydroxyd,  die  n5tig  ist  zur  Ausflockung 
negativer  organischer  Kolloide,  ist   von   der  Temperatur 
unabh&ngig.     Mastix  bildet    anscheinend   eine   Ausnahme. 

3.  Reversion  der  Ausflockung  von  organischen  Kolloiden 
durch  Farbstoffe. 

a)  Bei  Erhohung   der  Temperatur  kann   der  fiir   eine   niedrigere 

Temperatur  geltende  Ausflockungstypus  g^nzlich  in  den  fiir 
eine  habere  Temperatur  geltenden  iibergefQhrt  werden. 

b)  Emiedrigung   der   Temperatur    tlndert   den   Ausflockungstypus 

nicht. 


Digitized  by 


Google 


Digitized  by 


Google 


THE  TREATMENT  OP  THYEOIDISM  BY  A  SPECIFIC 
CYTOTOXIC  SEBUM.* 

JOHN  ROGERS  and  S.  P.  BEEBE. 

NBW  TOBK. 

During  the  past  two  years  a  large  number  of  eases  of  hyperthyroidism 
have  been  treated  with  a  specific  sermn.^  Preliminary  papers*  have  been 
publifiihed  dealing  with  the  preparation  of  the  serum  and  the  therapeutic 
results  obtained  by  its  use.  In  the  present  paper  we  propose  to  discuss 
the  questions  arising  from  this  study  from  the  standpoint  of  accumulated 
experience  and  it  is  hoped  to  make  the  method  so  plain  that  any  physician 
may  understand  the  rationale  of  the  treatment  and  the  special  points  to 
be  observed  in  its  application.  There  are  two  fundamental  propositions 
to  be  considered,  viz.,  the  nature  of  the  serum  and  the  nature  of  the  dis- 
ease.   These  will  be  considered  in  order. 

THE  SEBUM. 

We  have  called  the  serum  which  we  have  used  specific  because  we 
believe  that  it  has  a  special  action  on  the  thyroid  gland,  and  it  is  neces- 
sary for  the  argument  that  the  groimds  for  such  belief  should  be  re- 
viewed. It  is  now  a  well-known  and  universally  admitted  fact  that 
the  proteid  of  each  animal  species  has  a  characteristic  physicochemical 
structure;  in  other  words,  it  is  specific.  The  chemical  methods  by  which 
differences  in  structure  are  determined  have  not  as  yet  been  refined  to  a 
sufScient  extent  to  render  it  possible  to  make  a  chemical  distinction 
between  proteids  from  closely  related  species  of  animals,  but  the  methods 
employed  in  immunity  investigations  of  the  last  few  years  have  been 
thus  refined  and  their  reliability  has  been  demonstrated  in  such  degree 
that  the  results  obtained  by  these  methods  are  accepted  by  most  investi- 
gators as  demonstrating  specific  characters  of  the  proteid  in  each  animal 
species.     This  specificity  is  not  absolute,  for  it  has  been  found  that  a 


*This  article  represents  the  Matter  Lecture  which  was  delivered  before  the 
CJollege  of  Physicians  in  Philadelphia,  Dec.  13,  1907. 

1.  It  will  be  recalled  that  the  serum  to  which  we  refer  is  made  by  inoculating 
animals  (rabbits  or  sheep),  with  the  pure  proteids  from  the  human  thyroid  gland. 
In  the  beginning  the  proteids  were  obtained  only  from  goitrous  glands,  but  more 
recently  the  pnttteids  from  normal  glands  have  been  used  successfully. 

2.  Beebe,  S.  P.:  Preparation  of  a  Serum  for  the  Treatment  of  Exophthalmic 
Goiter,  Jour.  Am.  Med.  Assn.,  1906,  xliv,  487.  Beebe:  Tr.  Assn.  Am.  Phys., 
1906,  p.  648.  Rogers,  John:  The  Treatment  of  Thyroidism  by  a  Specific  Serum, 
Jour.  Am.  Med.  Assn.,  1906,  xlvii,  655. 
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serum  made  against  the  proteid  of  a  given  species  will  show  a  mild  re- 
action against  the  serum  from  closely  related  species,  but  by  observing 
the  time  and  the  dilution  in  which  the  reaction  takes  place  it  is  possible 
to  distinguish  sharply  between  species.  Heterologous  proteids,  that  is, 
proteids  from  different  species,  may  be  readily  separated  by  means  of 
these  serum  reactions,  and  it  seemed  to  us  reasonable  to  believe  that  a 
method  capable  of  making  such  fine  distinctions  would  enable  one  to 
differentiate  between  homologous  proteids,  that  is,  between  proteids  taken 
from  the  different  organs  of  the  same  species.  The  widely  varying  func- 
tions of  the  different  organs  are  dependent  on  the  physicochemical  struc- 
ture of  the  various  cells  which  compose  them,  and  it  would  seem  there 
must  exist  sufficient  individuality  of  structure  in  organs  which  have  such 
widely  varying  functions  as  the  liver  and  kidney  to  permit  of  its  recogni- 
tion by  the  highly  selective  biologic  method.  One  of  the  most  suggestive 
researches  in  this  line  was  that  of  TJhlenhuth,*  who  found  it  possible  to 
differentiate  sharply  between  the  proteids  in  the  white  and  yolk  of  the 
egg  by  means  of  a  serum  made  against  one  or  the  other  of  these  proteids. 
He  found  that  it  was  possible  to  get  a  mild  reaction  to  the  proteids  of 
the  yolk  by  means  of  serum  developed  against  the  proteids  of  the  white 
of  the  egg,  but  only  slowly,  even  in  high  concentrations  of  serum,  so  that 
in  point  of  time  and  in  delicacy  the  reactions  of  these  homologous  proteids 
against  their  own  serum  was  specific. 

If  the  serum  is  developed  by  injecting  the  pulp  of  an  organ  into 
some  alien  species  of  animal,  we  shall  develop  anti-bodies  against  all  the 
proteids  so  introduced,  and  it  is  obvious  that  such  a  serum  must  contain 
a  number  of  factors.  Certain  of  these  may  be  specific,  since  they  are 
developed  against  the  proteid  which  is  found  only  in  the  particular  organ 
in  question,  while  others,  such  as  those  developed  against  the  blood, 
must  be  common.  A  very  large  number  of  experiments  are  now  on 
record  which  support  such  a  conclusion,  but  in  many  of  them  the  specific 
action  is  so  obscured  by  the  common  action  that  its  demonstration  has 
not  always  been  satisfactory.  In  a  paper  published  three  years  ago  by 
one  of  us*  this  question  was  discussed  and  the  reasons  were  given  for 
choosing  certain  pure  proteids — viz.,  the  nucleoproteids — ^from  organs 
as  nearly  blood-free  as  practicable,  for  developing  specific  antiserum. 
Eeasons  were  given  in  that  paper  for  believing  that  relatively  more  of 

3.  Uhlenhuth:  Zur  I^hre  von  der  Unterscheidung  vorschiedener  Eiweissarten 
niit  Hilfe  specifischen  Sera.  Festschift,  Geburtstag  von  Kob.  Koch,  Jena,  1903, 
p.  49. 

4.  Beebe,  S.  P.:  Cytotoxic  Serum  Produced  by  the  Injection  of  Nucleopro- 
teids, Jour.  Exper.  Med.,  vii,  733. 
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the  specific  factors  and  less  of  the  common  element  were  produced  than 
by  including  the  whole  organ  pulp  in  the  injected  material.  The  specific 
action  of  such  serum  has  been  determined  by  the  precipitin  test,  the 
agglutinin  test,  and  by  injection  of  the  serum  in  vivo.  The  precipitin 
test  is  well  known.  The  agglutinin  test  is  similar  to  that  employed  in 
bacterial  reactibns,  except  that  a  suspension  of  finely  divided  tissue  frag- 
ments is  substituted  for  the  bacterial  emulsion.  Such  reactions  in  vitro 
show  that  homologous  proteids  may  be  differentiated  sharply  from  one 
another.  In  point  of  time  and  in  completeness  of  the  reaction  the  serum 
is  specific.  When  introduced  into  the  body  the  reactions  are  specific  in 
the  sense  that  severe  lesions  can  be  produced  in  the  selected  organ  without 
causing  a  corresponding  lesion  in  other  organs. 

The  serum  has  at  least  two  factors:  first,  the  factor  common  to 
proteids  of  all  the  organs  of  the  body,  and  to  a  lesser  degree  the  proteids 
of  closely  related  species;  second,  the  specific  factor  acting  on  one  par- 
ticular organ.  We  have  found  it  possible  to  demonstrate  these  two  factors 
by  means  of  absorption  experiments.  If  we  inject  dog-kidney  nucleo- 
proteids  into  a  rabbit  we  produce  a  serum  which  gives  a  mild  reaction 
with  dog  serum,  also  with  proteids  from  the  dog's  liver  or  other  organs, 
but  a  very  marked  reaction  with  kidney  proteids.  If  we  now  add  to 
this  serum  a  considerable  quantity  of  dog-liver  tissue  groimd  to  fine 
hash  and  allow  the  two  to  stand  in  contact  for  a  few  hours  in  the  refrig- 
erator, and  then  filter,  first  through  paper,  and  later  through  a  Berkefield 
candle,  we  find  that  the  common  factor  of  the  serum  has  been  removed.'* 
Such  serum  no  longer  has  any  precipitating  or  agglutinating  effect  on 
liver  proteids  or  suspension  of  liver  tissue  fragments,  nor  does  it  act  on 
any  other  proteids  except  those  from  the  kidneys,  and  on  the  latter  its 
action,  although  very  marked,  is  somewhat  less  than  before  the  absorp- 
tion. By  the  addition  of  a  large  number  of  washed  erythrocytes,  one 
may  also  absorb  the  common  factor.  Such  absorbed  serum  will  cause 
kidney  lesions  when  injected  intravenously  into  the  dog's  circulation. 
If,  however,  one  absorbs  the  kidney  serum  with  kidney  tissues  one  finds 
that  the  specific  factors  and  the  common  factors  have  both  been  removed.® 

The  serum  which  has  just  been  described  was  made  from  organs  con- 
taining a  small  amount  of  blood,  and  one  of  the  criticisms  which  has 
been  made  of  this  work  is  based  on  the  fact  that  the  serum  itself  is 
slightly  hemagglutinative  and  hemolytic.  The  lesions  found  in  the  body 
after  the  injection  of  such  serum  are  explained  by  these  critics  (Pearce 

5.  The  liver  tissues  used  for  this  purpose  were  not  blood-free. 

6.  Beebe,  S.  P.:  Niicleoproteid  Immunity,  Brit.  Med.  Jour.,  1906,  p.  1780. 
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and  Jackson^)  by  assuming  that  the  serum  has  caused  the  formation  of 
small  emboli  of  erythrocytes  and  that  the  resulting  thrombi  have  caused 
anemic  necroses.  The  lesions  which  we  found,  however,  were  not  of  that 
type,  and  moreover,  they  were  produced  also  by  serum  from  which 
hemolytic  factors  had  first  been  absorbed  in  the  manner  described  above ; 
we  conclude,  therefore,  that  they  have  been  produced  by  a  special  organ 
cytotoxin.  We  have  some  corroborative  evidence  that  the  hemolysins 
are  not  actively  concerned  in  producing  the  lesions,  viz.,  the  plain  un- 
absorbed  serum  is  slightly  hemolytic  in  vitro,  and  yet  when  injected  into 
an  animal  it  invariably  was  followed  in  a  few  hours  by  the  presence  of 
an  increased  number  of  red  cells  in  the  blood  and  at  the  same  time  a 
severe  lesion  was  being  produced  in  some  specific  organ.  We  have  in 
such  findings  no  evidence  of  blood  destruction. 

We  have  reviewed  the  principles  of  the  serum  at  this  length  because 
it  is  of  fundamental  importance  that  we  establish  reasons  for  believing 
that  serum  made  from  the  th3rroid  gland  has  a  special  action  on  that 
gland;  for  obviously  if  the  serum  acts  as  much  on  the  kidneys,  the  liver, 
or  the  intestinal  epithelium  as  it  does  on  the  thyroid,  we  have  no  logical 
ground  or  excuse  for  using  it  in  the  treatment  of  disease  of  the  thyroid 
gland. 

The  methods  followed  in  the  making  of  the  serum  have  been  described 
in  a  previous  article^  and  no  essential  change  has  been  made  during  the 
last  year.®    We  are  not  yet  fully  acquainted  with  the  differences  between 


7.  Pearce  and  Jackson:     Concerning  the  Production  of  Cytoxic  Sera  by  the 
Injection  of  Nucleoproteids,  Jour.  Infect.  Dis.,  1906,  iii,  p.  742. 

8.  The  various  steps  in  the  production  of  this  serum  are  briefly  as  follows: 
The  fresh,  human  thyroid  glands,  which  must  not  be  preserved  in  formalin,  or 
alcohol,  or  any  substance  which  coagulates  the  albumin,  are  ground  to  a  very 
fine  pulp  and  extracted  in  several  times  their  volume  of  salt  solution  made  faintly 
alkalin  with  sodium  hydroxid.  Extraction  is  carried  on  in  a  refrigerator  for 
twenty-four  to  thirty-six  hours,  and  chloroform  or  thymol  may  be  added  to 
prevent  bacterial  growth.  The  coarser  particles  in  the  extract  are  then  removed 
by  straining  through  gauze,  the  filtrate  centrifugated  and  filtered  through  paper. 
A  clear  extract  may  be  readily  obtained  by  filtering  the  strained  extract  through 
a  Buchner  funnel  filled  with  paper  pulp.  We  have  found  that  a  very  convenient 
method  for  precipitating  the  proteids  from  this  extract  is  to  acidify  with  acetic 
acid  to  a  concentration  of  0.1  per  cent.,  add  a  sufficient  amount  of  saturated  so- 
dium chlorid  solution  to  make  the  concentration  of  the  salt  in  the  extract  10  per 
cent,  of  saturation,  and  then  heat  to  44  degrees  C.  for  half  an  hour.  Under  these 
conditions  we  obtain  an  abundant  fiocculent  precipitate  which  may  be  readily 
washed,  redissolved  by  the  addition  of  a  small  amount  of  alkali  and  reprecipi- 
tated  by  the  addition  of  acetic  acid.  The  proteid  is  redissolved  and  reprecipitated 
three  times,  and  is  thoroughly  washed  each  time.  The  purified  proteid  is  dis- 
solved in  alkaline  salt  solution  for  inoculation  into  the  peritoneal  cavity  of  the 
rabbit  or  sheep  in  which  we  develop  the  serum.  From  five  to  eight  inoculations 
one  week  apart  are  given  to  each  animal  before  the  blood  is  withdrawn  and  the 
serum  prepared  in  the  usual  method. 
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a  serum  made  from  the  nueleoproteid  and  that  from  the  nucleoproteid 
and  globulin  combined;  but  we  are  still  inclined  to  the  belief  that  the 
serum  from  the  nucleoproteid  is  more  cytotoxic  than  that  from  the 
globulin,  though  the  latter  proteid  is  more  eflBcient  in  the  development 
of  antitoxins. 

We  wish  again  to  emphasize  the  fact  that  the  serum  must  be  made 
from  human  thyroid  glands,  because  of  the  biologic  specificity  of  proteids. 
It  would  be  quite  as  logical  to  use  tetanus  antitoxin  in  the  treatment  of 
diphtheria  as  to  use  a  serum  made  against  sheep  thyroid  in  the  treat- 
ment of  a  human  subject.  We  can  get  no  evidence  in  vitro  that  such  a 
serum  has  any  antagonistic  action  against  the  human  thyroid  proteids. 
On  this  ground  alone,  therefore,  the  negative  results  which  Murray*  ob- 
tained in  the  use  of  serum  made  in  a  goat  against  sheep  proteids  are 
precisely  what  should  have  been  expected.  Our  serum  has  been  made  in 
sheep  and  rabbits  against  the  proteids  of  the  human  thjrroid  gland. 

One  never  reaches  a  condition  of  immunity  at  all  comparable  with 
the  immunity  to  a  diffusible  bacterial  toxin.  Prom  three  to  four  times 
the  initial  dose  of  proteid  may  be  safely  given  at  the  end  of  the  immuni- 
zation period,  but  one  can  not  go  beyond  this  point. 

Although  the  serum  shows  a  high  degree  of  antagonistic  action  in 
vitro  it  does  not  in  the  immunized  animal  protect  against  excessive  doses 
of  the  specific  proteid.  We  have,  nevertheless,  data  from  some  experi- 
ments which  indicate  that  it  does  have  some  power  of  conferring  passive 
immunity.  Six  fresh  adult  rabbits  were  kept  under  observation  for 
some  days  to  make  sure  that  they  were  in  a  healthy  condition.  One 
group  of  three  was  then  given  for  two  successive  days  5  c.c.  doses  of 
an  active  thyroid  antiserum  previously  made  in  other  rabbits.  There 
was  no  reaction  because  of  the  biologic  identity  of  the  serum.  Twelve 
hours  following  the  second  injection  of  serum,  all  six  rabbits  were  given 
large  doses  of  human  thyroid  proteids.  The  three  protected  rabbits  had 
a  milder  immediate  reaction  and  the  late  effects,  such  as  loss  of  weight, 
were  much  less  marked  in  this  group  than  in  the  non-protected  group. 
Clinically,  we  see  acute  toxic  cases  in  which  the  subjects  experience  very 
marked  and  quite  immediate  beneficial  results  from  the  injection  of  the 
antiserum,  a  result  quite  similar  to  what  we  should  expect- if  we  were 
neutralizing  a  toxic  substance.  Obviously  we  can  not  be  so  certain  of  our 
ground  here  as  we  can  in  a  laboratory  experiment  in  which  we  can 
control  matters  so  as  to  have  fewer  unknown  factors. 


9.  Mhirraj:     Lancet,  London,  Nov.   11,  1905. 
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THE  DISEASE. 

In  our  previous  paper^^  we  have  outlined  the  evidence  for  believing 
the  symptoms  of  the  disease  to  have  their  origin  in  a  condition  of  hyper- 
activity of  the  thyroid  gland.  Such  a  mode  of  origin  is  a  fundamental 
premise  in  our  treatment  of  these  cases  with  an  active  antiserum  designed 
to  neutralize  the  toxic  eflfects  of  thyroid  proteid  in  the  circulation,  and 
also  to  inhibit  the  secretory  activities  of  the  gland.  The  symptoms  of 
thyroid  cases,  tremor,  nervous  irritability,  tachycardia,  diarrhea,  perspira- 
tion, rapid  loss  of  weight,  have  all  been  produced  in  animals  and  also 
in  the  human  subject  by  the  administration  of  thyroid  preparations. 
The  almost  constant  occurrence  of  goiter,  the  histologic  appearances 
indicative  of  increased  activity,  and  the  greatly  increased  circulation 
through  the  gland  vessels,  together  with  the  amelioration  of  the  condition 
by  surgical  removal,  are  additional  arguments  that  the  gland  is  a  funda- 
mental factor  in  the  disease.  The  large  relative  lymphocytosis,  and  the 
diminished  excretion  of  kreatinin  with  increased  output  of  kreatin  are 
the  usual  findings  in  the  typical  well-developed  patient  with  Basedow's 
disease,  and  these  blood  findings  have  likewise  been  produced  by  the  ad- 
ministration of  thyroid  preparations  to  healthy  animals."  A  discussion 
of  the  etiology  of  the  disease  is  not  within  the  scope  of  the  present  paper, 
and  we  accept  provisionally  the  theory  that  in  typical  cases  the  charac- 
teristic symptoms  have  their  origin  mainly  in  the  hypersecretion  from  the 
thyroid  gland. 

There  are  certain  limitations  to  our  knowledge  in  this  matter,  how- 
ever, which  should  be  pointed  out.  It  is  not  known  whether  the 
physiologic  activity  of  the  gland  is  dependent  solely  on  the  iodized 
proteid  therein  contained,  and,  if  so,  whether  the  activity  is  measured 
by  the  quantitative  amount  of  iodin  present.  As  has  been  pointed  out 
elsewhere,  there  is  an  increased  amount  of  nucleoproteid*^  in  the  gland 
in  Graves'  disease,  but  this  is  a  function  of  the  cellular  hyperplasia  and 
we  do  not  know  whether  or  not  it  has  any  significance  in  the  physiologic 
action  of  the  secretion. 

There  is  no  experimental  evidence  to  determine  whether  or  not  the 
secretion  from  the  gland  in  Graves'  disease  has  more  or  less  physiologic 
activity  than  the  normal  gland  or  whether  the  secretion  is  so  altered  in 
character  as  to  have  an  entirely  diflferent  sort  of  action,  and  in  the  dis- 


10.  Beebe,  S.  P.:    Tr.  Assn.  Am.  Phys.,  1906,  p.  548. 

11.  Perry:    Some  Studies  of  the  Blood  in  Thyroid  Feeding  in  Insanity,  Med. 
Rec.,  August,  1906. 

12.  Beebe,  S.  P.:     Physiology  of  the  Thyroid  Gland  in  Its  Relation  to  Exoph- 
thalmic Goiter,  Jour.  Am.  Med.  Assn.,  Oct.  5,  1907,  xlix,  1155. 
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eased  condition  we  must  consider  the  possibility  of  a  defective  function- 
ing of  other  organs  which  normally  are  stimulated  by  the  secretion.  We 
have  very  few  methods  of  estimating  the  physiologic  value  of  the  secre- 
tion under  normal  conditions,  the  measurement  of  the  protective  power 
to  acetonitril  poisoning  proposed  by  Eeid  Hunt^'  being  the  only  one 
having  quantitative  possibilities.^*  Until  the  normal  physiology  of  the 
gland  is  better  understood  we  can  only  deal  with  the  surface  indications; 
and  these  point  to  the  thyroid  gland  as  one  important  source  of  the 
symptoms  in  typical  cases  of  hyperthyroidism. 

Graves*  disease  presents  a  great  variety  of  clinical  pictures  which  in 
many  instances  vary  so  widely  from  the  typical  text-book  description  as 
to  be  scarcely  recognizable.  It  has  been  observed  for  many  years  that 
there  is  often  a  progression  from  a  typical  Graves'  disease  through  a 
mixed,  indefinite  type  to  a  characteristic  condition  of  myxedema.  These 
clinical  conditions  are  the  accompaniment  of  changes  in  the  pathologic 
structure  of  the  thyroid  gland. 

Ewing^*  has  described  four  distinct  types  or  stages  in  the  natural 
history  of  the  thyroid  gland  of  Graves*  disease : 

1.  In  the  early  stages  of  the  disorder,  only  hyperemia  with  increase 
of  colloid  showing  diminished  staining  reaction  with  eosin.  Micro- 
scopically the  gland  may  show  no  gross  changes. 

2.  Hyperemia  with  increased  colloid,  and  cellular  hyperplasia. 

3.  Extensive  cellular  hyperplasia,  with  increase  of  imperfect  alveoli 
lined  by  large  or  giant  cells,  and  nearly  complete  loss  of  colloid. 

4.  Late  stages  with  fibrosis,  atrophy  of  cells,  sclerosis  of  vessels, 
hemorrhages  and  cysts. 

There  is  thus  a  complete  series  of  changes  from  the  thyroid  of  early 
Graves'  disease  to  the  pronounced  alterations  of  myxedema,  with  many 
intermediate  forms,  especially  in  the  older  cases.  It  is  obvious  that  the 
symptoms  accompanying  changes  of  such  diversity  must  vary  extremely 
and  it  is  not  to  be  expected  that  any  one  treatment,  however  eflfective  it 
may  be  in  one  stage,  can  be  equally  applicable  to  all  stages  or  types  of 
the  disease.  Moreover,  as  the  disease  progresses,'  complications  may 
arise  in  other  organs,  as,  for  example,  chronic  myocarditis,  so  that  the 
therapeutic  problem  in  advanced  cases  becomes  extremely  complex.    We 


13.  Hunt,  Reid:  Influence  of  Thyroid  Feeding  on  Poisoning  by  Acetonitril, 
Jour.  Biol.  Chem.,  1905,  i,  p.  33. 

14.  We  have  made  a  series  of  experiments  on  this  point  which  will  be  reported 
later  in  detail,  but  our  conclusion  is  that  the  method  is  not  suitable  for  detect- 
ing small  quantitative  differences. 

16.  Ewing:  Pathology  of  Exophthalmic  Goiter  in  Its  Relation  to  the  Serum 
Treatment,  New  York  Med.  Jour.,  1906,  p.  1061. 
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do  not  know  how  important  the  relations  of  the  thyroid  to  other  ductless 
glands  may  be.  The  thymus  gland  has  been  found  hypertrophied  in 
those  cases  in  which  autopsies  have  been  made  in  New  York  during  the 
last  few  years,  and  the  Ijrmphatic  tissue  in  general  increased  in  amount. 
Hansemann^*  is  of  the  opinion  that  these  changes  are  secondary  to  the 
functional  overactivity  of  the  thyroid.  These  facts  must  be  correlated 
with  the  high  lymphocytosis  characteristic  of  all  severe  cases  and  with 
the  fact  that  it  is  possible  to  produce  a  lymphocytosis  by  the  administra- 
tion of  thyroid  to  normal  animals.  It  appears,  then,  that  in  the  young 
subjects  with  characteristic  symptoms  of  a  recently  developed  condition 
of  hyperthyroidism  we  are  dealing  with  a  comparatively  specific  disease 
which  may  be  alleviated  by  neutralizing  the  toxic  secretion  of  the  gland ; 
but  in  the  older  cases  which  have  existed  so  long  as  to  cause  secondary 
changes  and  which  may  have  symptoms  of  both  Graves'  disease  and 
myxedema,  or  which  indeed  may  be  a  myxedema  in  nearly  every  par- 
ticular, masquerading  under  the  name  of  Graves'  disease  because  of  the 
primary  condition  of  the  patient,  it  is  not  to  be  expected  that  the  serum 
will  have  curative  effect.  And  such  a  conclusion  must  apply  with  equal 
force  to  the  operative  removal  of  the  gland  or  to  any  form  of  treatment 
aimed  directly  at  the  thyroid.  Analogously,  if  diphtheria  were  a  chronic 
disease  extending  over  some  months,  one  would  not  expect  to  restore  the 
damaged  heart,  kidney  and  nervous  system  in  an  advanced  case  by  any 
amount  of  serum  prepared  against  the  Klebs-LoeflBer  bacillus  and  its 
toxins.  There  is  an  abundance  of  clinical  evidence  demonstrating  the 
specific  action  of  thyroid  preparations  in  myxedema,  and  in  a  small  per- 
centage of  cases  of  Graves'  disease  improvement  is  obtained  by  careful 
thyroid  treatment,  but  by  far  the  majority  of  typical  cases  of  this  disease 
are  made  worse  by  such  medication.  It  is  therefore  of  prime  importance 
to  recognize  the  type  of  the  particular  case  in  order  to  treat  it  intelli- 
gently. We  emphasize  this  point,  because  in  some  instances  cases  of 
myxedematous  type  have  been  treated  by  serum,  and  occasionally,  indeed, 
by  operation  with  very  unsatisfactory  results. 

!  CLASSIFICATION. 

It  is  impossible  to  make  a  comprehensive  classification  of  patients 
suffering  from  thyroid  disease  unless  one  makes  almost  as  many  groups 
as  there  are  patients.  In  determining  whether  a  given  case  is  a  favorable 
one  for  serum  treatment  it  is  necessary  to  study  the  condition  carefully 
to  determine  if  possible  whether  the  symptoms  are  those  of  hyper- 
thyroidism or  hypothyroidism.    A  careful  study  of  the  blood,  including 


16.  Hansemann:     Berl.  klin.  Wchnschr.,  Oct.  30,  1905. 
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the  number  of  erythrocytes,  the  percentage  of  hemoglobin,  and  a  dif- 
ferential leucocyte  count,  together  with  a  quantitative  analysis  of  tlie 
nitrogenous  constituents  of  the  urine,  will  be  of  value  in  this  respect. 
In  the  majority  of  cases  it  is  possible  to  decide  this  point,  but  we  have 
not  found  any  criterion  accurate  in  all  cases  and  we  suggest  the  necessity 
for  thorough  study  of  the  doubtful  types  in  order  to  establish  a  more 
reliable  means  of  classification.  The  following  classification  is  made 
solely  for  the  purpose  of  serum  treatment^  with  a  full  recognition  of  the 
fact  that  it  does  not  cover  all  cases,  and  with  the  reservation  that  it  is 
necessary  to  experiment  carefully  with  many  of  the  atypical  cases  before 
one  can  determine  what  form  of  treatment  is  most  suitable.  In  making 
these  groups  we  take  into  consideration  the  age  of  the  patient,  the  prob- 
able condition  of  the  thjrroid,  the  clinical  type  of  the  disease  as  regards 
symptoms  referable  to  the  thyroid,  and  also  as  regards  secondary  changes 
in  other  organs. 

TYPES  FAVORABLE  FOB  SEBUM  TBEATMENT. 

1.  Typical  exophthalmic  goiter  in  the  early  stages,  including  the  in- 
cipient, the  mild,  the  severe,  and  those  extremely  severe  forms  which 
develop  very  rapidly  and  have  been  described  as  the  acute  toxemic  type, 
resembling  malignant  endocarditis. 

2.  Typical  exophthalmic  goiter  in  cases  which  may  have  existed  for 
some  time  in  subacute  form  with  occasional  exacerbations,  but  without 
marked  secondary  changes. 

TYPES  THAT  MAY  REQUIBE  COMBINED  TREATMENT. 

1.  Patients  who  develop  thyroidism  after  reaching  the  age  of  40  or 
50  years: 

a.  Those  who.  after  middle  life,  show  thyroidism  for  a  varying  period 
before  the  appearance  of  a  goiter. 

b.  Those  who  have  borne  an  innocuous  goiter  for  years  and  late  in 
life  develop  signs  of  thyroidism. 

2.  Atypical  forms  of  thyroidism : 

a.  Men  and  more  often  women  of  any  age  who  present  many  signs  of 
thyroidism,  but  who  often  have  a  dry  skin  and  bradycardia  and  are 
usually  considered  neurotic  or  neurasthenic. 

b.  Patients  with  nervous  and  vasomotor  signs  of  thyroidism,  but  who 
complain  of  a  more  or  less  constant  headache  accompanied  in  most  cases 
by  nausea  and  abdominal  discomfort. 

c.  The  psychopathic  cases,  the  mental  disturbance  having  no  definite 
relation  to  the  severity  or  type  of  thyroidism. 
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The  purpose  of  the  classification  given  above  is  to  serve  as  an  aid  in 
the  serum  treatment,  and  in  our  opinion  the  groups  outlined  can  not  be 
omitted.  Before  entering  a  discussion  of  the  prognosis,  the  results  which 
we  have  obtained,  and  the  method  of  treatment  in  each  separate  group, 
it  is  necessary  to  consider  briefly  some  of  the  simpler  fundamentals  of  the 
thyroid  chemistry. 

PHYSIOLOGIC  CHEMISTRY  OF  THYROID  PROTEIDS. 

There  is  as  yet  no  agreement  among  investigators  as  to  the  chemistry 
of  the  thyroid  secretion,  and  its  physiology  is  even  more  obscure.  Various 
chemical  substances  have  been  isolated  from  the  gland  by  different 
methods  and  it  is  impossible  to  reconcile  all  the  statements  that  are 
found  in  the  literature.  The  physiologic  activity  of  the  secretion  is 
probably  due  to  the  iodin  compound  which  it  contains,  and  we  have 
abundant  evidence  in  the  analyses  reported  by  Oswald"  that  tlie  iodin 
may  vary  within  wide  limits,  even  in  health.  There  has  been  no  demon- 
stration that  an  iodin-free  proteid  from  the  thyroid  has  any  marked 
physiologic  effect.  We  may  believe  that  the  activity  of  the  secretion 
stands  in  close  relation  to  its  iodin  content.  It  is  not  known,  however, 
whether  the  iodin  must  be  in  proteid  combination  to  exert  its  full 
physiologic  action  or  whether  some  cleavage  product  is  equally  active. 
The  accepted  methods  of  measuring  the  physiologic  value  of  thyroid 
preparations  do  not  permit  of  accurate  quantitative  distinctions.  As  a 
physiologic  process  the  secretion  enters  the  blood  or  lymph  without  the 
intervention  of  digestion  and  it  seemed  to  us  that  its  hypodermatic 
administration  would  give  the  best  therapeutic  results.  Saline  and 
glycerin  extracts  of  the  gland  have,  therefore,  been  preferred  and  also 
certain  pure  proteids  have  been  isolated  and  kept  in  solution  for  hypo- 
dermatic administration.  The  methods  followed  in  making  these  ex- 
tracts and  proteids  were  the  simplest  possible.  In  the  beginning  of  the 
work  glycerin  extracts  were  preferred,  but  these  caused  so  marked  a 
local  reaction  when  given  hypodermatically  that  tlieir  use  was  abandoned 
and  a  saline  extract  substituted.  This  latter  solution  has  been  made  by 
thoroughly  pulverizing  fresh  thyroid  glands  and  extracting  the  hashed 
mass  for  from  three  to  five  days  in  five  volumes  of  physiologic  salt  solu- 
tion with  the  addition  of  a  little  chloroform  to  prevent  bacterial  growth. 
The  extract  is  filtered  first  through  paper  and  finally  through  a  Berke- 
feld  candle  and  sealed  in  small  glass  tubes  until  wanted  for  adminis- 
tration. 


17.  Oswald:   Ztschr.  f.  Physiol.  Cliem.,  xxxii,  1001,  p.  121. 


Digitized  by 


Google 


11 

It  is  not  known  whether  there  is  more  than  one  iodized  proteid  in  the 
gland.  If  one  prepares  a  saline  extract  of  perfectly  fresh  thyroid  glands 
one  finds  that  a  considerable  proportion  of  the  proteid  therein  contained 
may  be  precipitated  by  the  addition  of  acetic  acid.  From  the  filtrate  a 
further  portion  of  proteid  is  precipitated  by  half  saturating  with  am- 
monium sulphate.  Both  these  proteids  contain  iodin  and  are  physio- 
logically active.  Oswald^*  maintains  that  they  are  identical  proteids, 
and  there  is  certainly  much  evidence  to  favor  his  belief  in  the  case  of 
normal  glands.  With  pathologic  glands  in  the  stage  of  cellular  hyper- 
plasia the  acetic  acid  precipitate^  contains  more  phosphorus  and  less 
iodin  than  the  ammonium  sulphate  precipitate.  With  normal  glands  the 
amount  of  the  proteid  which  is  precipitated  by  the  acetic  acid  depends  on 
the  freshness  of  the  glands,  the  concentration  of  the  saline  extract  made 
from  them  and  the  amount  of  acid  used  in  the  precipitation.  Dilute 
extracts  of  perfectly  normal  glands  may  give  no  precipitate  at  all  with 
acetic  acid,  while  a  concentrated  extract  from  the  same  gland  yields  an 
abundant  precipitate  on  the  addition  of  acetic  acid.  Proteids  obtained 
by  both  methods  of  precipitation,  that  is,  by  acetic  acid  and  by  ammonium 
sulphate,  have  been  administered,  but  we  were  dealing  with  normal 
glands  and  it  probably  made  no  difference  whether  we  used  one  or  the 
other,  for  the  evidence  indicates  that  the  two  precipitates  are  of  the  same 
identical  proteid.  With  pathologic  glands,  there  may  be  a  considerable 
difference  in  the  therapeutic  effect  of  the  two  sorts  of  proteids.  The 
normal  thyroid  gland  differs  sharply  from  other  normal  glands,  such 
as  the  liver  or  kidney,  in  having  a  large  proteid  content  which  forms  no 
part  of  a  living  cell,  so  that  the  cell  nuclei  furnish  only  a  relatively 
small  amount  of  the  proteid  in  a  saline  extract.  With  some  of  the 
pathologic  glands  nuclei  are  as  abundant  as  they  are  in  liver  or  kidney 
and  the  acetic  acid  precipitate  contains  more  phosphorus  than  is  obtained 
from  normal  gland  extract,  while  the  iodin  containing  globulin  pre- 
cipitated by  half  saturating  with  ammonium  sulphate  is  relatively  scanty. 
It  is  to  be  expected  that  proteids  having  such  chemical  differences  would 
show  differences  in  therapeutic  action.  The  dose  of  these  pure  proteids 
is  very  small.  We  rarely  use  more  than  15  minims  of  a  1  to  1,000  solu- 
tion at  a  single  dose,  an  amount  corresponding  to  the  dose  of  adrenalin. 
We  have  been  able  to  get  satisfactory  therapeutic  results  with  less  dis- 
turbance of  the  heart  and  nervous  system  by  the  use  of  the  proteids 
isolated  in  this  fashion  than  we  have  by  the  use  of  the  commercial 

18.  Oswald:  Die  Eiweisskttrper  der  SchilddrUsc,  Ztschr.  f.  Physiol.  Chem., 
1899,  xxvii,  p.  147. 
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tablets.  The  matters  relating  to  the  preparation  and  physiologic  value 
of  these  proteids  are  now  under  investigation  and  it  is  quite  probable  that 
new  methods  may  be  substituted  for  the  ones  we  have  already  employed. 
These  proteids  were  prepared  in  the  first  place  in  order  to  alleviate 
the  occasional  severe  and  impleasant  reactions  following  the  use  of  the 
antiserum.  These  reactions  occurred  more  often  in  those  patients  who 
had  had  the  disease  for  a  long  time  or  who  had  acquired  it  after  middle 
life.  In  these  two  groups  atypical  cases  were  occasionally  found  with 
some  of  the  symptoms  of  myxedema,  and  since  the  antiserimi  was  not 
well  borne,  and  because  of  the  many  reports  in  the  literature  of  the 
successful  treatment  of  such  cases  by  thyroid  preparations,  we  were  led 
to  believe  that  a  prothyroid  treatment  rather  than  antithyroid  treatment 
was  indicated.  The  hypodermatic  administration  of  thyroid  proteids 
approaches  more  nearly  to  physiologic  conditions  than  administration 
by  mouth.  Certainly  we  get  more  prompt  effects  by  this  method  and  our 
experience  in  a  large  number  of  cases  justifies  our  belief  that  pure 
proteids  are  more  suitable  for  therapeutic  uses  than  the  whole  gland 
substance. 

TREATMENT. 

In  the  discussion  of  the  treatment  the  classification  given  above  will 
be  followed,  and  the  methods  and  results  given  under  each  group.  The 
statistics  given  in  this  paper^*  do  not  include  the  105  cases  which  Dr. 
Rogers  has  treated  personally,  as  they  are  reported  in  detail  at  the  end  of 
the  paper.  All  of  the  141  patients  reported  herewith,  except  three  which 
died,  have  not  taken  serum  for  six  months  and  many  of  them  have  com- 
pleted treatment  for  eighteen  months.  Serum  has  been  furnished  to  126 
cases  in  addition  to  those  which  Dr.  Rogers  has  treated,  but  they  are 
not  included  in  this  report  for  the  reasons  that  some  of  them  are  siill 
under  treatment  and  the  outcome  is  undecided,  others  have  not  finished 
treatment  for  a  period  of  six  months,  and  from  a  third  group  satisfactory 
reports  have  not  been  obtained. 

Types  Favorable  for  Serum  Treatment, — Group  1. — Typical  exoph- 
thalmic goiter  in  early  stages,  including  the  incipient,  the  mild,  the 
severe,  and  those  extremely  severe  forms  which  develop  very  rapidly  and 
have  been  described  as  the  acute  toxemic  type  resembling  malignant 
endocarditis. 


19.  The  statistics  quoted  in  the  first  portion  of  the  article  are  taken  from  the 
records  of  one  of  us  (S.  P.  B.)  and  are  from  cases  which  have  been  for  the 
most  part  treated  under  direction  by  physicians  whose  private  cases  they  were. 
The  statistics  of  the  cases  treated  personally  by  Dr.  Rogers  are  given  at  the  end 
of  the  section  on  treatment. 
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It  is  in  this  group  that  we  have  had  the  largest  percentage  of  com- 
plete success,  the  most  prompt,  and  the  most  striking  results.  This  is, 
perhaps,  because  in  these  early  cases  one  is  dealing  with  uncomplicated 
conditions  which  favor  a  specific  treatment.  It  is  interesting  to  note 
that  those  who  favor  operative  treatment  urge  the  desirability  and  even 
necessity  of  early  surgical  removal  of  the  gland  if  the  best  results  are 
to  be  obtained.  The  incipient  and  mild  cases  in  young  people  generally 
yield  promptly  to  serum  treatment.  It  is  probable  that  a  large  percent- 
age of  these  two  groups  would  improve  by  rest  and  careful  hygienic 
treatment,  and  the  administration  of  serum  should  not  be  a  reason  for 
neglecting  these  factors;  but  our  experience  has  shown  that  serum  can  ar- 
rest these  cases  promptly.  In  some  cases  the  entire  clinical  condition  has 
been  changed  in  a  week's  time  and  the  symptoms  of  the  disease  were  no 
longer  discoverable.  Patients  having  mild  sjrmptoms  do  not  all  recover 
under  rest  treatment,  and  the  serum  has  been  used  in  many  of  these 
cases  with  complete  success,  after  the  failure  of  other  forms  of  therapy. 

The  simple  soft  goiters  which  often  develop  in  yoimg  women  from 
various  causes  are  at  times  accompanied  by  mild  sjrmptoms  of  Graves' 
disease.  lodin  in  some  form  has  been  for  many  years  the  usual  drug 
treatment  of  these  cases,  and  in  a  considerable  percentage  with  the 
happiest  results,  but  some  of  them,  which  in  the  early  stages  may  not 
be  distinguishable  from  an  incipient  Graves'  disease,  are  made  worse  by 
such  treatment  and  may  develop  a  typical  condition  of  hyperthjrroidism. 
The  administration  of  thyroid  to  such  patients  is  occasionally  of  bene- 
fit, but  whether  given  as  a  means  of  therapy  or  for  the  purpose  of  estab- 
lishing a  diagnosis,  thyroid  should  be  given  in  very  small  doses  and  the 
effect  on  the  patient  carefully  observed.  This  matter  will  be  referred  to 
at  a  later  point  in  the  paper.  For  these  two  groups,  the  incipient  and 
the  mild,  the  serum  need  not  be  highly  active  and  may  be  given  at  inter- 
vals of  three  to  five  days.  In  most  of  these  cases  a  prompt  result  may  be 
expected. 

We  have  included  in  this  subdivision  the  very  severe,  rapidly  devel- 
oping cases  which  have  many  of  the  characters  of  an  acijte  infection. 
This  type  forms  only  a  small  percentage  of  the  total  number  of  cases 
treated,  and  yet  it  is  in  many  respects  the  most  interesting.  The  very 
marked  improvement  caused  by  the  administration  of  a  small  amount 
of  serum  is  quite  comparable  to  the  effects  seen  in  diphtheria  following 
the  administration  of  antitoxin.  In  no  other  group  of  cases  is  the 
toxemic  character  of  the  disease  so  well  shown,  and  it  is  precisely  with 
these  cases  that  we  have  had  the  most  convincing  clinical  evidence  of 
tbo  antitoxic  action  of  the  serum. 
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The  recently  developed  severe  cases  take  tlie  serum  with  less  reaction 
tlian  the  milder  cases,  and  they  may  in  the  beginning  take  more  of  it. 
In  some  instances  we  have  given  a  small  dose  every  twenty-four  hours 
imtil  four  injections  have  been  given  and  then  have  increased  the  inter- 
val to  two  days.  It  is  necessary  to  watch  the  patient  carefully  for  un- 
favorable reactions,  and  the  serum  must  not  be  forced  in  the  presence  of 
marked  local  and  general  reaction.  The  rapid  development  and  great 
severity  of  these  cases  is  a  bar  to  surgical  removal;  the  failure  of  gen- 
eral measures  is  in  sharp  contrast  to  the  success  of  the  serum  treatment 
and  is,  in  our  opinion,  one  of  the  best  arguments  that  can  be  advanced 
regarding  the  nature  of  the  disease  and  the  mechanism  by  which  the 
serum  causes  improvement. 

The  majority  of  the  patients  in  the  first  group  progress  very  favor- 
ably and  many  of  them  recover  entirely,  which  means  that  all  symp- 
toms disappear,  under  doses  of  about  0.5  c.c.  of  an  active  antiserum 
given  at  first  as  often  as  the  reaction  permits  and  then  gradually  in- 
creasing the  interval  between  injections  up  to  five  or  seven  days.  In 
some  cases,  however,  a  small  dose  of  antiserum,  3  to  5  minims,  not 
enough  to  produce  any  reaction,  given  once  every  twenty-four  hours 
for  two  or  three  weeks,  will  sometimes  act  better.  The  best  of  hygienic 
surroundings  are  necessary  throughout  the  treatment,  and  these,  it 
should  be  said,  are  not  possible  in  a  public  hospital  ward,  with  its  at- 
tending excitement  and  often  distressing  circumstances.  In  some  cases 
a  long  time  is  required  to  effect  a  cure  or  even  much  improvement,  and 
this  means  an  average  of  two  or  three  months  of  antiserum  treatment 
and  six  months  more  of  restful  vacation  under  constant  observation. 

Exophthalmos  and  goiter  are  the  last  symptoms  to  disappear,  and 
as  long  as  the  latter  persists  there  is  some  danger  of  the  recrudescence  of 
symptoms  under  mental  or  physical  strain.  The  longer  a  patient  re- 
mains free  from  thyroidism,  even  with  a  persistent  goiter,  the  less  likeli- 
hood there  seems  to  be  of  the  recurrence  of  the  disorder.  Some  kind  of 
infection,  generally  tonsillitis,  is  one  of  the  troublesome  causes  of  acci- 
dents and  exacerbations.  "While  tlie  entire  disappearance  of  the  goiter 
is  a  result  to  be  earnestly  desired,  in  the  majority  of  cases  it  can  not  be 
obtained  quickly  by  the  serum  treatment,  and  as  soon  as  the  more  dis- 
tressing symptoms  have  subsided  it  is  wiser  to  reduce  the  serum  gi'adu- 
ally  and  depend  in  part  on  liygionic  and  tonic  measures.  Occasionally, 
in  the  latter  stages  of  the  recovery,  very  small  doses,  1/50  or  less  of  a 
grain,  of  thyroid  proteid  act  beneficially.  If  commercial  thyroid  is 
used,  doses  of  not  more  than  14  0^  ^  grain  should  be  given  and  the 
effect  very  carefully  watched. 
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In  giving  the  statistics  we  have  divided  the  cases  into  three  groups, 
distinguished  by  cure,  improvement  and  failure.  In  order  to  give  an 
intelligent  idea  of  the  results  it  is  necessary  to  define  these  terms,  and 
this  is  particularly  necessary  because  reports  in  the  literature  show 
widely  varying  conceptions  of  the  term  *^cure''  as  applied  to  the  treat- 
ment of  this  disease.  By  a  "cured''  patient  we  mean  one  in  whom  the 
subjective  symptoms  have  been  entirely  relieved  and  the  objective  symp- 
toms have  subsided  to  such  an  extent  that  nothing  more  than  a  gland 
discoverable  only  by  deep  palpation  remains.  The  majority  of  the 
improved  patients  still  have  a  small  goiter,  but  with  most  of  them  the 
subjective  symptoms  have  been  relieved,  and  the  patient  has  been  made 
comfortable  and  able  to  work  and  act  in  nearly  all  respects  like  a  normal 
limnan  being.  It  is  worth  noting  that  with  some  of  the  improvel  cases 
the  improvement  continues  slowly,  although  the  treatment  may  have 
stopped  for  a  year  or  more.  The  failures  are  those  cases  in  which  the 
treatment  has  produced  no  beneficial  effect. 

Of  the  total  of  141  cases  reported,  52  belong  to  the  first  group  of  the 
classification.  Of  these,  18  have  been  cured,  28  improved  (all  but  2 
being  very  much  improved)  and  G  have  failed  to  improve.  0^  the  6 
failures,  3  cases  resulted  fatally.  It  should  be  stated  here  also  that  6 
patients  properly  belonging  in  this  group  have  applied  for  serum,  which 
was  forwarded  as  promptly  as  possible,  but  in  the  interval  the  case 
terminated  fatally  before  the  serum  could  be  given.  Such  sudden  ter- 
minations are  likely  to  happen,  especially  in  the  very  acute  form  of  the 
disease.  Of  the  three  fatal  cases  listed  with  the  failures,  two  received 
only  two  injections  of  serum  and  the  third  received  only  one  injection. 
They  were  of  the  same  acute  type  as  the  six  cases  which  terminated 
fatally  before  the  serum  was  received.  It  is  impossible  to  include  in  a 
paper  of  this  sort  a  case  history  for  each  patient  treated,  but  the  details 
of  a  typical  cured,  an  improved  and  a  fatal  case  are  appended  herewith. 

Case  1:  Cure. — Patient. — S.  H.  C,  woman,  39  years  old,  always  well  ex 
cept  for  attack  of  grip  nine  weeks  before  the  development  of  thyroid  symptoms 

Signs  and  Symptoms. — This  was  a  typical  acute  case,  with  marked  tachy- 
cardia; the  patient  was  very  nervous,  had  marked  tremor  and  diarrhea,  perspired 
freely,  had  troublesome  thirst  and  did  not  6leep  well.  Her  skin  was  markedly 
pigmented;  she  had  marked  exophthalmos  and  a  small  soft  goiter  gradually 
increasing  in  size.  The  symptoms  of  the  disease  were  on  the  increase;  the 
patient  hasT  emaciated  somewhat  but  she  is  able  to  be  up. 

Treatment. — ^The  patient  was  seen  by  two  prominent  clinicians  who  pro- 
nounced it  a  typical  acute  case  and  advised  serum  treatment.  Previous  to  these 
consultations  she  had  been  treated  with  rest  and  tincture  of  belladonna  without 
beneficial  effect. 

Result. — The  patient  was  under  serum  treatment  from  March  20  to  August 
31  and  continued  to  improve  steadily.  The  final  report  received  in  December 
states  that  the  very  best  results  were  obtained.     The  gland  was  normal  in  size, 
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tachycardia  entirely  absent,  the  exophthalmos  cured  and  the  patient  stouter  than 
she  ever  was  before  and  feeling  perfectly  well.  Her  color  was  good,  and  the 
appetite  and  digestion  as  good  as  they  ever  were  in  her  life. 

Case  2:  Improvement.— Patten*.— R.  M.  V.,  woman,  aged  36,  married,  weight 
163,  had  pneumonia  at  17,  otherwise  healthy. 

Signs  and  %mp*om«.— Symptoms  first  noticed  about  a  year  before  the 
treatment  began  and  the  patient  had  lost  94  pounds  in  weight  during  this  time. 
The  pulse  was  108  when  the  patient  was  in  bed  and  quiet,  of  fair  quality  and 
regular.  The  heart  was  dilated,  the  apex-beat  being  one  and  one-half  inches  to 
the  left  of  the  mid-clavicular  line,  faint  systolic  blow  at  the  apex.  The  patient 
was  very  nervous  with  marked  tremor;  perspired  freely.  She  had  fair  appetite 
with  no  vomiting  or  diarrhea  at  the  time  treatment  was  begun.  She  was  always 
thirsty.  The  circumference  of  the  neck  at  greatest  point  was  15  inches;  a  soft 
goiter  of  moderate  size. 

Treatment, — Before  serum  treatment  the  patient  had  been  receiving  iron, 
tonics,  digitalis  and  Merck's  antithyroidin,  but  the  condition  had  been  stationary 
for  some  months.  The  patient  was  confined  to  bed.  Treatment  was  begun  in 
April  and  continued  until  September. 

Result. — ^The  patient  recovered  in  nearly  every  particular.  There  was  no 
noticeable  exophthalmos;  the  goiter  could  scarcely  be  seen,  but  could  be  felt  by 
careful  palpation.  The  nervousness  and  tremor  were  entirely  gone.  The  patient 
now  did  her  own  work  and  her  pulse  ran  from  84  to  90  after  a  day^s  work.  There 
was  no  systolic  murmur  and  the  heart  was  not  dilated.  The  patient  feels  per- 
fectly well. 

Case  3:     Failure. — Patient. — I.  W.  K.,  woman,  27  years  old. 

Signs  and  Symptoms. — This  was  a  typical  case  with  rather  slow  onset,  pulse 
ranging  from  180  to  200,  heart  symptoms  very  marked,  precordial  pain,  loud 
systolic  blow,  heart  dilated,  apex  beat  displaced  to  the  left  two  and  one-half  inches. 
The  patient  had  a  hacking  cough;  her  voice  was  somewhat  husky,  moderately 
nervous,  with  a  fine  tremor.  She  slept  badly,  perspired  profusely  and  had  a 
troublesome  thirst.  The  exophthalmos  was  moderate;  the  gland  varied  in  size, 
at  times  being  small  and  hard  and  at  others  large  and  soft.  There  was  extreme 
emaciation,  the  patient  had  been  in  bed  three  weeks  and  was  very  ill  when  the 
injections  were  begun. 

Treatment. — ^This  was  begun  on  December  29.  Three  injections  were  given  by 
January  4,  on  which  date  the  patient  died. 

Result. — ^There  did  not  seem  to  be  any  reaction  in  either  way  to  the  serum. 

Case  4:  Marked  Improvement  with  Sudden  Death  Later. — ^This  case  is 
very  interesting  and  is  included  because  the  manner  of  death  is  typical  of  some 
of  the  acuta  cases. 

Patient. — ^P.  J.  D.,  young  woman,  aged  19,  single,  history  of  Graves'  disease 
extending  over  two  and  one-half  years.  The  onset  of  the  disease,  occasioned  by  a 
severe  fright,  was  rapid  and  progressive. 

Signs  and  Symptoms. — ^The  pulse  was  148  and  fairly  regular;  the  chest  bulged 
at  each  pulsation;  there  was  some  precordial  pain;  no  heart  murmurs;  the  heart 
not  dilated.  Respirations  were  27  per  minute;  there  was  a  slight  cough;  the 
voice  quite  clear.  The  patient  had  until  recently  perspired  profusely;  her  appe- 
tite was  fairly  good  and  there  was  no  diarrhea.  Menstruation  had  been  inter- 
rupted for  nine  months.  The  patient  had  become  reduced  from  145  pounds  to  75 
pounds  in  weight.  She  sat  up,  but  the  condition  had  remained  stationary  for 
some  weeks.    The  patient  was  very  nervous  with  marked  tremor. 

Treatment. — Up  to  a  month  previous  to  the  beginning  of  the  serum  treatment 
the  patient  had  been  given  thyroid  extract.    Treatment  by  serum  was  given  from 
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November  until  the  following  June.  The  patient  began  to  improve  immediately 
after  beginning  serum  and  continued  to  an  almost  complete  recovery. 

Result, — ^The  following  report,  of  the  patient's  condition  on  September  13  was 
made:  The  patient  weighs  144  pounds,  is  able  to  walk  several  miles  without 
fatigue,  has  been  doing  all  the  housework  for  several  weeks  past.  Exophthalmos 
is  noticeable  but  not  marked.  Heart  is  regular,  94,  no  murmur.  The  patient  is 
not  nervous  and  has  no  tremor;  sleeps  well;  bowels  and  menstruation  regular. 

Outcome  of  Case, — The  patient  died  suddenly  on  October  28  after  having  had 
a  severe  pain  in  the  head  for  a  few  hours.    There  was  no  autopsy. 

Types  Favordble  for  Serum  Treatment — Group  2, — Typical  exoph- 
thalmic goiter  in  cases  which  have  existed  for  some  time  in  subacute 
form  with  occasional  exacerbations  but  without  marked  secondary 
changes. 

These  cases  are,  as  a  rule,  amenable  to  serum  treatment,  but  there  is 
generally  not  such  rapid  improvement,  and  the  injections  must  be  con- 
tinued over  a  longer  period  than  with  the  acute  forms.  In  some  in- 
stances in  which  the  serum  has  been  begun  during  the  period  of  exacer- 
bation there  has  been  almost  immediate  relief,  in  this  respect  resembling 
the  acute  conditions,  but  permanent  results  were  obtained  only  after 
some  months.  The  longer  the  duration  of  these  cases  the  slower  the 
patients  are  to  show  permanent  improvement,  but,  since  we  have  had 
complete  success  with  some  cases  of  ten  to  twelve  years'  duration,  we  are 
led  to  the  conclusion  that  it  is  the  point  to  which  the  disease  has  prog- 
ressed rather  than  the  number  of  years  of  its  course  which  is  the  deter- 
mining factor.  If  treatment  is  begun  during  an  exacerbation  it  should 
be  carried  out  in  much  the  same  manner  as  with  the  preceding  group, 
^hat  is,  the  early  acute  cases,  but  it  will  probably  be  necessary  to  con- 
tinue administration  of  a  weak  serum  at  intervals  of  five  days  to  two 
\veeks  for  some  months  before  normal,  stable  equilibrium  is  attained. 

Of  the  total  of  141  cases  reported,  70  have  been  in  this  group.  Of 
this  number,  16  have  been  cured,  36  have  been  greatly  improved,  and 
there  have  been  18  failures,  5  of  the  latter  being  fatal.  Six  patients  prop- 
erly belonging  in  this  group  have  had  a  preliminary  course  of  serum 
treatment  and  have  later  been  operated  on.  Three  persisted  in  the 
serum  treatment  for  a  sufficient  time  to  give  it  a  fair  trial,  with  the 
result  that  one  of  them  was  much  benefited  and  later  was  entirely  cured 
by  operation,  while  with  the  two  others  no  decided  benefit  was  obtained 
and  operation,  undertaken  later,  was  fatal.  The  3  remaining  in  this 
group  of  6  did  not  persist  long  enough  in  the  use  of  serum  to  permit  any 
conclusion  as  to  its  value,  and  the  subsequent  operation  proved  fatal  in 
each  case.  The  three  cases  first  mentioned  as  having  had  serum  for 
some  time  are  included  in  the  list  of  141  cases,  one  as  improved  and  two 
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of  them  as  failures.  The  outcome  of  the  operation  in  the  5  fatal  cases 
can  not  be  ascribed  to  the  preliminary  use  of  serum.  Case  histories  of 
typical  cases  occurring  in  this  group  are  given  below. 

Case  5:  Cure. — Patient. — Mrs.  B.,  aged  44,  marked  case  with  history  of  six 
years  of  chronic  thyroidism. 

Signs  and  Symptoms. — Pulse  148,  irregular;  heart  dilated,  apex  5*^  inches 
from  midsternal  line;  patient  very  nervous,  marked  tremor;  slept  very  badly; 
troublesome  thirst;  skin  pigmented;  moderate  exophthalmos;  irregular  menses. 
Patient  emaciated;  weight  106  pounds;  gland  small  but  firm.  Patient  confined 
to  bed. 

Result  of  Treatment. — Treatment  was  given  from  February  to  September.  In 
November  her  physician  reported  that  he  considered  the  patient  cured.  Her  pulse 
averaged  74;  the  thyroid  could  be  felt  on  deep  palpation;  the  patient  was  not 
nervous  and  had  no  tremors.  Exophthalmos  could  not  be  detected.  The  patient 
weighed  132  pounds,  felt  in  fine  spirits,  was  doing  her  own  work  and  as  far  as 
could  be  detected  was  perfectly  well. 

Case  6:  Cure. — Patient. — Mrs.  H.,  54  years  old,  member  of  a  highly  nervous 
family. 

Signs  and  Symptoms. — ^The  patient  was  very  excitable  and  nervous,  melan- 
cholic at  times;  had  attacks  of  cardiac  dilatation  and  it  was  necessary  to  use 
morphin  to  relieve  pain  about  the  heart.  There  was  very  marked  exophthalmos, 
progressive  enlargement  of  the  thyroid,  very  marked  tremor,  temperature  from  99 
to  100,  great  prostration,  and  pulse  110  to  140  per  minute.  The  patients  condi- 
tion was  grave  for  several  months.  She  was  under  medical  treatment  for  three 
months  and  at  times  showed  some  symptomatic  improvement,  but  nothing  perma- 
nent. 

Result. — ^The  patient  was  under  treatment  for  six  months.  At  first  she  made 
slow  but  certain  improvement,  which  has  continued  progressively,  and  at  the  time 
of  the  report,  two  years  after  beginning  the  treatment,  the  patient  was  well. 
There  was  no  exophthalmos  and  no  tremor;  the  patient  was  not  nervous;  the 
pulse  was  84,  regular^  and  of  good  quality;  the  thyroid  could  barely  be  made  out, 
and  there  had  been  a  great  gain  in  weight,  the  patient  now  weighing  175  pounds. 
The  physician  considered  her  completely  cured. 

Case  7:  Improvement. — Patient. — ^Mrs.  C.  F.,  aged  46. 

Signs  and  Symptoms. — ^The  patient  was  extremely  nervous;  had  very  marked 
tremor;  slept  wretchedly;  had  troublesome  thirst  and  diarrhea  at  times.  The 
pulse  was  120  to  160;  there  was  pronounced  exophthalmos;  the  gland  was  only 
slightly  enlarged.  The  patient  had  lost  59  pounds,  was  just  able  to  be  up  a 
short  time  during  the  day  and  had  lost  control  of  the  rectum.  She  had  been  very 
nervous  for  12  years,  and  the  physician  spoke  of  her  as  hopeless. 

Result. — ^Treatment  was  given  from  May  until  October.  A  great  improvement 
ivas  effected.  The  pulse  was  from  80  to  90;  the  tremor  was  almost  completely 
gone.  The  patient  made  a  gain  of  30  pounds  in  weight  during  this  time,  was  not 
nervous  and  slept  well.  The  rectum  was  under  perfect  control.  The  patient  was 
doing  light  housework  and  complained  of  nothing  but  occasional  palpitation  on 
climbing  the  stairs,  but  there  were  weeks  when  this  was  not  noticed.  There  was 
distress  at  times  from  fiat  us  in  the  stomach.  Exophthalmos  was  still  noticeable, 
but  not  nearly  so  marked.  The  size  of  the  gland  was  about  the  same.  A  later 
report  states  that  the  improvement  has  continued. 

Case  8:  Improvement. — Patient. — ^Mrs.  I.,  aged  38,  had  goiter  for  twelve 
years,  gradually  increasing  in  size.  During  the  last  three  years  the  symptoms  had 
gradually  been  growing  worse. 
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Signs  and  Symptoms. — The  goiter  was  large,  firm,  low  down  on  the  right  side ; 
there  waa  little  exophthalmos,  marked  tremor,  pulse  when  quiet  110,  no  heart 
murmur  and  marked  dyspnea  on  exertion.  The  patient  was  very  nervous,  per- 
spired very  freely,  did  not  sleep  well  and  had  a  variable  appetite  with  occasional 
diarrhea. 

Results, — The  patient  was  under  treatment  from  February  to  August.  There 
was  not  much  diminution  in  the  size  of  the  glana.  The  dyspnea  was  entirely  re- 
lieved so  that  the  patient  was  able  to  do  her  own  work  and  go  out  walking  for  a 
long  distance,  which  she  had  been  unable  to  do  for  years.  The  heart  came  down 
to  80,  nervousness  and  perspiration  were  entirely  relieved,  and  the  patient  im- 
proved so  much  that  she  discontinued  treatment. 

Case  9:  Failure, — Patient. — ^Mrs.  M.,  aged  64;  first  symptom  noticed  in 
1896.  The  patient  suffered  from  nervous  strain  and  worry  immediately  preceding 
the  acute  attack. 

Signs  and  Symptoms. — ^The  pulse  was  108;  there  was  precordial  pain  and  syM- 
tolic  murmur  over  the  base  of  the  heart.  The  patient  was  not  nervous  and  had 
no  tremor;  slept  fairly  well  and  had  a  fair  appetite.  She  had  a  small  soft  goiter 
and  slight  exophthalmos;  had  lost  considerable  weight.  The  most  troublesome 
symptoms  were  vomiting  and  diarrhea,  also  edema  of  the  face  and  hands.  (Diag- 
nosis was  questionable.) 

Results. — ^The  patient  was  under  treatment  from  May  to  October.  The  serum 
relieved  the  gastrointestinal  symptoms  very  decidedly,  and  the  patient  was  for  a 
time  very  much  improved. 

Outcome  of  Case^ — The  heart  did  not  improve  much,  however,  and  later  it 
steadily  grew  worse  and  the  patient  died  in  a  fatal  attack  of  syncope. 

Types  That  May  Require  Combined  Treatment, — By  the  combined 
treatment  we  mean  the  administration  of  both  the  antiserum  and  a 
pure  thyroid  proteid.  The  administration  of  these  substances  need  not 
be  simultaneous,  since  at  one  period,  generally  the  beginning  of  the 
treatment,  the  use  of  antiserum  gives  the  best  results,  and  at  a  later 
period  the  additional  administration  of  a  small  amount  of  thyroid 
proteid  is  necessary  to  continue  the  improvement.  If  the  case  presents 
fairly  typical  symptoms  of  Graves'  disease,  we  begin  by  giving  small 
doses  of  serum,  and  in  many  cases  find  this  treatment  followed  by  very 
satisfactory  relief,  but  if  the  serum  causes  very  severe  or  disagreeable 
reactions  and  if  there  is  no  corresponding  improvement  in  symptoms  we 
begin  the  addition  of  small  amounts  of  thyroid  proteid. 

In  a  considerable  number  of  these  cases  it  has  been  our  experience 
that  the  administration  daily  of  a  small  amount  of  thyroid  proteid, 
three  doses  of  1/50  of  a  grain,  and  the  injection  of  a  small  amount  of 
serum,  5  minims,  every  fifth  day  gives  the  best  results.  It  is  not  easy  to 
understand  precisely  why  this  is  true,  since  it  is  paradoxical  to  believe 
that  a  hypothyroid  condition  exists  in  the  same  patient  that  has  symp- 
toms of  hyperthyroidism.  It  may  be  that  the  thyroid  proteid  from  a 
normal  healthy  animal  answers  the  physiologic  need  of  the  patient  for 
such  a  secretion,  while  the  abnormal  product  from  the  patient's  own 
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gland  is  neutralizel  by  the  use  of  serum.  It  is  certain  that  the  serum 
does  not  neutralize  the  physiologic  action  of  a  sheep  thyroid  proteid ;  so 
that  in  effect  we  may,  by  giving  serum  and  the  proteid  from  normal 
sheep  thyroid  simultaneously,  substitute  the  action  of  the  normal  secre- 
tion from  the  animal  for  that  of  the  abnormal  secretion  from  the  pa- 
tient's gland.  Whatever  may  be  the  explanation,  the  clinical  fact  re- 
mains that  some  of  these  mixed  cases  improve  more  rapidly  and  surely 
by  such  a  method  of  mixed  treatment. 

It  is  impossible  to  formulate  precise  rules  to  be  followed  in  adminis- 
tering serum  to  this  group  of  patients,  for  the  reason  that  the  type  and 
clinical  conditions  are  so  variable,  but  from  a  study  of  the  case  we  may 
be  able  to  decide  whether  the  symptoms  are  a  manifestation  of  hypo- 
thyroidism or  hyperthyroidism,  and  the  beginning  of  the  treatment 
should  be  made  in  accordance  with  these  conclusions.  In  my  opinion, 
the  logical  treatment  for  the  group  of  mixed  cases  is  the  combined 
treatment,  as  it  combats  the  dysthyroidism,  which  is  probably  an  essen- 
tial factor  in  the  production  of  the  symptom-complex.  The  treatment 
of  the  atypical  and  the  advanced  typical  cases  requires  a  finer  discrimi- 
nation and  more  accurate  judgment  in  the  employment  of  antiserum 
and  thyroid  preparations  than  is  needed  in  the  treatment  of  typical 
cases  which  form  our  first  group,  and  it  must  be  admitted  that  some 
degree  of  experimentation  must  be  made  with  some  of  these  patients 
before  the  most  suitable  treatment  is  determined  on.  Complete  recovery 
is  slow,  but  encouraging  improvement  is  often  noted  in  a  compara- 
tively short  time. 

Before  we  can  give  treatment  intelligently  in  cases  belonging  to  this 
group  a  very  careful  study  must  be  made  of  the  past  history  of  the 
disease,  the  symptoms  and  the  clinical  condition  in  order  to  determine, 
if  possible,  whether  the  hypothyroid  or  the  hyperthyroid  effects  predomi- 
nate, for  our  therapeutic  efforts  will  be  regulated  accordingly.  The 
manifestations  of  these  two  conditions  are  so  complex  and  our  means  of 
diagnosis  so  incomplete  that  we  can  not  always  decide  in  which  group  a 
given  patient  belongs.  In  most  instances  it  is  possible  to  classify  the 
case,  but  occasionally  we  find  one  of  a  mixed  type  that  is  very  diflBcult 
to  explain. 

It  will  be  noted  that  we  have  included  under  the  group  that  may 
need  combined  treatment  the  atypical  cases  and  cases  of  those  patients 
who  develop  thyroidism  comparatively  late  in  life.  The  patients  in 
atypical  cases  are  not  necessarily  advanced  in  years,  many  of  them  being 
under  30,  and  the  typical  patients  over  50  do  not  all  need  combined 
treatment,  so  that  the  factor  of  age  can  not  be  the  criterion  by  which 
the  matter  is  decidel. 
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The  cases  belonging  in  the  atypical  group  are  much  the  most  diffi- 
cult to  classify  and  treat.  None  of  them  have  all  the  typical  symptoms 
of  Graves^  disease,  and  the  majority  of  them  appear  to  suffer  from  an 
abnormal  secretion  rather  than  a  pure  hyperthyroidism.  They  have 
often  come  to  us  with  the  diagnosis  of  Graves'  disease  because  they  have 
at  one  time  had  a  typical  form  of  the  disease,  but  as  we  see  them  they 
have  passed  out  of  that  typical  form  to  the  mixed  type  and  occasionally 
one  appears  to  have  a  nearly  complete  myxedema.  Such  cases  are  not 
to  be  treated  by  serum  alone.  Surgery  is  equally  out  of  the  question  or 
should  be  with  most  of  them. 

In  order  to  bring  the  matter  more  directly  in  view  we  append  a  table 
of  contrasts  to  show  the  differing  symptoms  of  hypothyroidism  and 
hyperthyroidism.  For  the  hyperthyroidism  typical  Graves'  disease  is 
the  best  example,  but  for  the  opposite  type  we  have  selected  the  myx- 
edematoid  rather  than  typical  myxedema  in  advanced  stages. 

HTFEBTHTBOmiSM.  HTPOTHTBOmiSlC. 

▲GE. 

More  common  in  young  women,  18-  More   common    in   advancing   years, 

30.  35-50. 

ONSET. 

May  be  slow  and  gradual   or   sud-  Slow   and    gradual,   in   many    cases 

den  and   acute.  engrafted   on   an  old  Graves'   disease. 

HEABT. 

Tachycardia       120-180;        pounding  Rarely  above    100,   may   be  irregu- 

beat  felt  over  wide  area;    oft^  a  loud        lar  with  heaving  impulse.    Pulse  gen- 
systolic  murmur  over  apex,  base  and        erally    shows    high    tension    and    the 
along  the  great  vessels.   Irregular  and        blood  pressure  is  above  normal, 
very  susceptible  to  the  effects  of  ex- 
ercise.    Blood  pressure  variable,  gen- 
erally low,  pulse  soft  and  full,  marked 
dyspnea  on   slight  exertion.     Marked 
edema  of  legs. 

NERVOUS    SYSTEM. 

Fine  tremor  affecting  nearly  all  the  Patient  may  have  some  tremor,  and 

muscles,  twitching,  and  occasionally  muscular  weakness  is  likely  to  be  very 
spasms.  Patients  are  abnormally  ir-  pronounced,  but  there  is  not  the  same 
ritable  and  excitable,  apprehensive,  restlessness  and  jactitation.  Patients 
mentally  i}ery  active  and  physically  are  occasionally  irritable,  but  they 
restless.  Muscular  weakness  promi-  are  generally  rather  dull  and  apa- 
nent.  thetic,  mentally  slow;    memory  defec- 

tive. Pains  in  joints  frequent,  and 
there  is  a  marked  tendency  toward 
sudden  giving-way  of  the  legs  when 
walking. 

ETB   SIGNS. 

Exophthalmos  generally  present,  al-  Exophthalmos  is  unusual,  although 

though  it  is  not  invariable.  Occasion-  it  may  havd  been  present  at  one  time, 
ally  unilateral,  corresponding  to  the 
side  having  the  enlarged  thyroid  lobe. 
Various  symptoms  arise  in  conse- 
quence of  the  exophthalmos.  No  pu- 
pillary changes. 
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GLAND. 

Enlargement  varies  from  nothifig  to  Often   no  enlargement  can  be  made 

very  large  goiter.  The  blood  vessels  out;  when  there  is  a  goiter  it  has  an 
Over  the  gland  are  generally  much  en-  elastic,  rubber-like  consistence,  occa- 
larged  and  pulsate  markedly.  Right  sionally  cystic  and  nodular,  but  very 
lobe  generally  the  larger.  distinctly    different    from    the    active, 

pulsating  gland  of  Graves'  disease. 

NUTRITION.  ' 

Severely   disturbed;     in   most   cases  Generally    not    seriously    disturbed; 

there  is  a  loss  in  weight,  which  may  patients  hold  their  weight  and  in  most 

progress  to  extreme  emaciation.     Ap-  cases  gain  slowly;  constipation  rather 

petite    variable;     vomiting   and    diar-  than      diarrhea,      and      flatulency      a 

rhea  frequent  complications.    Patients  troublesome    habit.    Patients    do    not 

drink  a  great  deal  of  water.  drink  much  water. 

SKIN. 

Profuse  perspiration,  erythema,  ur-  Dry,  may  be  scaly;    patients  do  not 

ticaria,   dermographia ;     pigmentation,  perspire  on  exertion;    hair  dry,  brit- 

which  may  occasionally  be  so  marked  tie,    scalp    scaly.      Pigmentation    not 

as  to  suggest  Addison's  disease.    Hair  common.    Patients  prefer  thick,  warm 

falls  out,  but  is  not  coarse  and  dry.  clothing    and    are    cold    most    of    the 

Patients  prefer  thin  clothing  and  cold  time.     Mhich    more    comfortable    dur- 

rooms.      They    are    more    comfortable  ing  hot  weather, 
during  cold  weather  than  during  hot 
weather. 

TEMPERATUBE.  * 

May  be  only  slightly  elevated,   99-  Subnormal,  may  reach  as  low  as  95. 

100.    With  severe  acute  cases  it  runs 
often  to  102-104. 

UBINABT  MNDINQS. 

In   most  cases   normal   in  volume;  Albuminuria  not  unusual.    Nitrogen 

glycosuria      not     unusual;      polyuria       partitions  do  not  show  so  marked  a 
often  observed  in  later  stages.    Nitro-        disturbance   in  kreatinin   and   kreatin 
gen  partitions  show  a  very  much  de-        ratios.      In    largre    number    of    cases 
creased     kreatinin     excretion,     while        urine  practically  normal, 
kreatin   is  present  in  large  amounts. 
Nitrogen   loss   is   marked    during   the 
period  of  emaciation. 

BLOOD. 

Hemoglobin    low,    leucopenia   in    se-  Hemoglobin  low,  white  blood  count 

vere    cases,    with    a    marked    relative        normal, 
lymphocytosis. 

MENSES. 

Very    irregular    or    completely    sup-  Generally  regular  but  scanty, 

pressed. 

The  atypical  cases  do  not  fall  sharply  into  one  or  the  other  of  these 
groups,  but  show  most  unusual  combinations  of  symptoms  of  pure 
Graves'  disease  with  those  of  myxedema.  The  existence  of  such  cases 
has  been  recognized  for  some  years  and  their  successful  treatment  with 
thyroid  preparations  is  not  new.  It  has  been  our  observation,  however, 
that  a  large  percentage  of  these  patients  do  not  do  well  on  thyroid 
extract  alone,  and  that  a  combination  of  serum  with  thyroid  proteid 
gives  the  best  clinical  results. 
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The  statistics  whicli  are  given  under  the  last  two  groups  do  not 
furnish  an  accurate  estimate  of  the  prognosis  in  those  types  because  we 
have  used  the  combined  treatment  only  during  the  last  year  and  there 
are  comparatively  few  who  have  finished  the  treatment  for  a  period  of 
six  months.  My  list  shows  19  cases  which  fill  this  requirement,  how- 
ever, and  of  these  10  have  been  greatly  improved  and  9  have  failed  of 
improvement.  There  have  been  no  deaths  in  this  group  and  no  patients 
Jiave  been  cured.  It  is  only  fair  to  state  that  there  have  been  4  cured 
patients,  but  they  have  not  finished  treatment  for  a  period  of  six  months 
as  yet  and  so  they  have  not  been  included. 

Case  10:  Improvement. — Patient, — Miss  H.,  aged  40,  had  had  subacute  symp- 
toms for  ten  years. 

Signs  and  Symptoms, — ^The  pulse  was  120  to  140;  respirations  about  20  and 
labored;  voice  rather  husky.  The  patient  was  rather  nervous;  had  no  tremor; 
could  sleep  only  in  a  semirecumbent  position ;  had  a  good  appetite ;  had  diarrhea, 
pronounced  exophthalmos,  a  small  soft  goiter,  and  was  slightly  emaciated.  Her 
condition  was  stationary  for  some  time. 

Results  of  Treatment. — ^The  fierum  was  used  for  six  weeks  with  some  general 
improvement  in  the  condition  of  the  heart,  but  the  gastrointestinal  condition  was 
not  relieved.  During  the  next  six  weeks  the  combined  treatment  was  given  with 
the  best  results.  The  pulse  dropped  to  98,  exophthalmos  was  much  less,  the  diar- 
rhea completely  relieved,  the  thyroid  much  softer  and  almost  normal  in  size.  The 
patient  slept  well  in  recumbent  position;  was  rapidly  improving  and  felt  equal 
to  resuming  her  occupation  as  a  teacher.  A  later  report  states  that  her  satisfac- 
tory improvement  has  continued. 

Case  11:  Impbovement. — Patient. — Miss  N.,  aged  38;  history  of  Graves'  dis- 
ease for  six  years. 

^igns  and  Symptoms. — The  pulse  was  120  to  130;  there  was  slight  precordial 
pain  and  tremor,  especially  pronounced  in  the  hanus  and  knees,  and  the  appetite 
wa«  poor.  The  patient  was  very  nervous,  slept  badly  and  was  troubled  with  diar- 
rhea and  sometimes  with  vomiting;  had  marked  exophthalmos,  a  small  hard 
goiter;  was  emaciated  and  not  able  to  be  up. 

RestUts  of  Treatment. — ^Treatment  was  continued  from  May  until  October  with 
the  result  that  the  patient  gained  30  pounds  in  weight;  pulse  became  regular  at 
from  80  to  90;  the  appetite  good;  no  diarrhea;  menses  regular;  nervousness 
entirely  relieved.    "In  short,  her  general  condition  is  very  good." 

Case  12:  Failure. — Patient. — Mrs.  G.,  aged  66;  hirtory  of  goiter  for  twenty 
years  with  symptoms  of  an  atypical  Graves'  disease  for  eight  years. 

Signs  and  Symptoms, — ^Patient  was  nervous ;  did  not  sleep  well  and  had  a  poor 
appetite  with  occasional  diarrhea.  Pulse  was  from  90  to  100,  regular  and  of 
fairly  good  quality.  There  was  no  troublesome  perspiration  or  unusual  thirst. 
The  patient  had  had  moderate  exophthalmos  in  the  past,  but  this  symptom  was 
no  longer  seen.  Headache  .was  a  troublesome  feature  of  the  case.  Temperature 
was  normal. 

Results  of  Treatment. — ^The  case  was  not  considered  a  favorable  one  for  treat- 
ment with  serum,  but  it  was  begun  cautiously  and  was  carried  out  for  some  time 
with  no  benefit.  Later  the  combined  treatment  was  trieu  for  a  period  of  six 
weeks  without  benefit.  Patient  was  no  better  in  any  way  than  at  the  beginning 
of  the  treatment. 
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The  patients  personally  treated  by  Dr.  Kogers  to  Jan.  1, 1908,  number 
105,  who  presented,  more  or  less  markedly,  the  three  cardinal  signs  of 
exophthalmos,  goiter  and  tachycardia.  Eeports  could  be  submitted  od 
about  100  additional  cases,  but,  as  they  were  mostly  hospital  or  con- 
sultation patients  whose  records  are  incomplete  or  people  who  presented 
irregular  and  doubtful  forms  of  thyroidism,  it  has  seemed  best  to  con- 
fine the  report  to  those  that  have  been  personally  treated  throughout 
and  to  typical  examples  of  exophthalmic  goiter.  There  is  thus  no  ques- 
tion about  the  diagnosis  and  it  gives  a  clearer  understanding  of  what 
has  been  accomplished  for  these  sufferers. 

Of  the  105  patients,  12  have  been  cured  of  every  trace  of  disease, 
including  both  exophthalmos  and  goiter,  17  have  no  symptoms  of  a 
pathologic  nature  whatever  except  a  small  goiter  in  a  few  instances, 
and  one  has  a  slight  right-sided  exophthalmos  but  no  goiter.  As  neither 
of  these  abnormalities  is  noticeable  without  close  examination,  I  (J.  R.) 
think  it  is  fair  to  group  these  cases  together  and  state  that  a  total  of  30 
have  been  cured. 

Forty-three  who  have  undergone  specific  serum  or  combined  treatment 
have  been  improved,  and,  while  some  of  these  are  still  under  treatment, 
many  of  them  are  expected  to  be  ultimately  in  the  cured  class. 

Four  have  failed  to  show  any  benefit  by  specific  treatment. 

Seven  whose  condition  in  several  instances  was  at  first  greatly  bene- 
fited by  the  antiserum  have  died  from  the  natural  progress  of  the  dis- 
ease. 

Twenty-one  have  been  operated  on  either  before  or  after  undergoing 
the  specific  treatment  described  below,  with  the  result  that  none  can  be 
called  a  perfect  cure,  and  two  of  these  21  have  died  as  a  direct  result  of 
the  operation. 

A  brief  analysis  of  the  failures,  the  deaths  and  the  operative  cases 
presents  much  that  is  instructive.  The  four  described  as  failures  imder 
antiseinmi  received  no  other  treatment  and  occurred  early  in  our  ex- 
perience before  we  had  grasped  the  importance  of  supplementary  thy- 
roid treatment  at  certain  stages,  or  in  certain  forms  of  the  disease. 
Nevertheless,  in  so  complicatel  and  obscure  a  disease  it  is  only  reasonable 
to  expect  a  considerable  percentage  of  failures  for  a  long  time  to  come, 
or  until  there  is  a  much  more  definite  understanding  of  the  physiology 
of  the  thyroid  than  exists  at  present. 

One  of  the  most  striking  features  in  a  survey  of  all  the  105  cases  is 
the  gravity  of  the  prognosis,  for,  in  spite  of  everything  which  could  be 
done,  there  was  a  death  rate  in  this  comparatively  brief  period  of 
observation  of  less  tlian  three  years,  of  approximately  10  per  cent.     One 
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gains  the  impression  from  the  observation  of  many  patients  in  different 
stages  of  exophthalmic  goiter  that  the  mortality  under  ordinary  medical 
treatment  is  considerably  higher  than  this.  Indeed,  the  expectation  of 
life  after  the  onset  of  the  symptoms  in  a  well-marked  case  can  not  be 
more  than  ten  or  twelve  years. 

The  best  results  occurred  in  the  very  severe  acute  or  the  early  mild 
cases,  especially  if  the  goiter  was  small.  The  failures  and  deaths  oc- 
curred in  cases  of  marked  severity  with  large  goiters  and  after  the  dis- 
ease had  been  manifest  for  several  years  or  in  patients  who  developed  it 
late  in  life.  There  have,  however,  been  some  exceptions  to  these  rules, 
as  a  few  with  small  goiters  have  done  poorly  while  others  which  ap- 
peared almost  hopeless  have  progressed  surprisingly  well.  Five  women 
while  in  the  improved  class  have  gone  through  a  normal  pregnancy  with 
continued  gain,  and  all  but  one  were  delivered  at  full  term  of  healthy 
children.  Antiserum  was  given  in  three  cases  throughout  the  preg- 
nancy; the  other  two  were  so  well  during  this  period  that  no  treatment 
was  required. 

Two  of  the  five  mothers  can  now  be  placad  in  the  cured  group, 
though  one  still  has  a  barely  perceptible  goiter,  but  no  other  symptoms. 
The  surviving  children  show  no  abnormality.  In  reviewing  the  his- 
tories of  all  the  patients,  however,  the  heredity  was  quite  apparent  in  a 
considerable  number  of  the  cases.  It  was  not  unusual  to  elicit  a  more 
or  less  close  family  history  of  goiter  and  in  a  few  cases  of  true  exoph- 
thalmic goiter,  but  the  proportion  was  not  greater  than  in  other  diseases 
like  tuberculosis,  rheumatism  or  cancer. 

Two  patients  presenting  a  well-marked  though  not  particularly 
severe  type  of  the  disorder  of  several  years'  duration  made  an  almost 
complete  recovery  after  a  few  months  of  antiserum  treatment.  The 
exophthalmos,  tachycardia  and  subjective  symptoms  entirely  disap- 
peared, but  the  goiter  remained  quite  large,  though  softer  than  at  the 
time  of  the  first  observation.  During  this  period  a  considerable  degree 
of  rest,  quiet  and  good  hygiene  had  been  enforced,  but  as  soon  as  the 
patients  felt  well  work  was  resumed,  by  one  as  a  book  canvasser,  by  the 
other  as  a  tailor  in  a  sweat-shop,  and  very  soon  thereafter  during  a  time 
of  hot  weather  and  hard  work,  a  combination  which  seems  particularly 
trying,  both  patients  relapsed.  Antiserum  seemed  to  do  harm,  pro- 
thyroid  treatment  was  without  avail,  and  the  disease  progressed  gradu- 
ally to  a  fatal  termination  which  was  preceded  by  stupor  and  coma. 

A  third  patient  had  almost  the  same  history,  but  by  a  careful  use  of 
antiserum  and  combined  treatment,  apparently  with  beneficial  results, 
barely  escaped  death  and  has  now  no  symptoms  except  of  small  goiter. 

Of  the  21  patients  operated  on  3  had  only  the  superior  thyroid  vessels 
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ligated.  The  18  remaining  patients  underwent  the  more  radical  and  gen- 
erally recommended  operation  of  removal  of  a  portion  of  the  thyroid 
gland  either  before  or  after  submitting  to  the  specific  thyroid  medication. 
And  these  18  are  the  most  important  from  a  surgical  standpoint. 

Nine  patients  had  been  operated  on  and  had  relapsed  before  coming 
under  observation,  and  some  of  them  had  reached  a  condition  worse  than 
that  which  had  called  for  the  interference.  Three  of  these  nine  had 
each  undergone  two  operations  with  no  lasting  benefit.  Of  the  nine  who 
relapsed  after  radical  operation,  four  have  been  greatly  benefited  by  the 
antiserum  or  by  prothyroid  treatment  and  might  be  called  cured  if  suffi- 
cient time  had  elapsed  to  demonstrate  that  another  relapse  will  not 
occur.  Three  have  so  much  improved  as  not  to  be  conscious  of  illness, 
although  some  tachycardia  is  still  perceptible.  One  (who  has  had  two 
operations)  completely  failed  to  improve  in  spite  of  careful  treaianent 
and  is  slowly  but  surely  losing  ground,  and  the  other,  who  also  had  had 
two  operations,  failed  entirely  under  the  antiserum,  and  in  July,  1907, 
suffered  a  removal  of  the  second  thyroid  lobe,  leaving  only  the  isthmus. 
This,  in  November,  1907,  was  evidently  enlarging,  and,  though  the 
patient  had  after  the  last  operation,  as  after  the  previous  two,  gained 
considerably  in  flesh  and  strength,  both  subjective  and  objective  symp- 
toms were  very  apparent,  and  she  stated  that  she  felt  little,  if  any,  better. 

The  remaining  nine  patients,  after  failing  to  improve  imder  the 
antiserum  treatment,  suffered  removal  of  one  lobe  and  the  isthmus  of 
the  thyroid  gland  either  at  the  hands  of  Dr.  Bogers  or  at  those  of  other 
surgeons.  Of  these,  two  died  of  acute  thyroidism  (?)  shortly  after  the 
operation.  The  first  came  under  observation  early  in  my  experience 
with  a  very  severe  toxemic  form  of  the  disease,  and  when  the  antiserum 
was  begun  death  seemed  imminent.  After  two  or  three  months  of  anti- 
serum treatment  she  almost  entirely  recovered,  but  still  had  compara- 
tively mild  symptoms  and  a  pulse  rate  of  110.  In  an  attempt  to  com- 
plete the  cure,  the  right  lobe  and  isthmus  were  removed  with  a  fatal 
result.  The  other  death  occurred  in  a  psychopathic  case  with  mild 
symptoms  of  Graves'  disease  and  melancholic  depression,  with  delusions 
of  sight  and  hearing.  Antithyroid  and  prothyroid  treatment  were  both 
tried  and  seemed  only  to  make  the  psychosis  worse,  so  removal  of  one 
lobe  of  the  much  hypertrophied  gland  was  attempted  and  a  fatality 
followed  within  two  days. 

The  seven  remaining  patients  were  all  treated  with  antiserum  with 
more  rather  than  less  unfavorable  results,  although  five  were  at  first 
greatly  improved  and  then  remained  stationary  or  were  made  worse  by  the 
medication.  I  believe  now,  however,  that  with  time  and  good  hygiene  and 
the  judicious  exhibition  of  the  combined  treatment,  the  advantages  of 
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which  have  only  of  late  become  apparent,  much  more  could  liave  been 
accomplished.  Nevertheless  seven,  patients,  aiter  failing  to  recover 
under  antiserum  treatment,  had  one  lobe  and  the  isthmus  of  the  gland 
successfully  removed,  and  the  last  operation  on  these  cases  was  in 
October,  1907.  Only  three  of  the  seven  were  much  benefited  by  the 
operation.  One  who  was  operated  on  in  November,  1906,  remained 
comparatively  well  though  unable  to  undergo  vigorous  exertion  until 
February,  1908.  The-  second  patient,  after  gaining  somewhat  under 
antiserum,  relapsed  and  had  the  left  superior  thyroid  vessels  tied  and 
the  right  lobe  removed  in  Stockholm  in  September,  1906.  After  this 
she  gained  slowly  in  flesh  and  strength  and  returned  to  this  country, 
but  suffered  another  relapse  with  typical  symptoms  in  Novembei?,  1907. 
The  third  patient  came  under  observation  in  July,  1907,  and  refused 
operation  after  appreciable  benefit  from  the  antiserum,  especially  in  the 
very  troublesome  insomnia  and  weakness.  He  then  left  the  hospital 
and  relapsed  in  December,  and  in  January,  1908,  had  one  lobe  and  the 
isthmus  removed,  and,  although  much  improved,  still  shows  in  April 
the  characteristic  symptoms. 

The  other  four  of  the  seven  patients  who  underwent  operation  after 
failure  with  the  antiserum  are  about  as  they  were  when  first  seen  and  at 
least  two  of  them  were  for  several  days  after  the  operation  in  a  rather 
critical  condition  and  convalesced  to  their  original  state  very  slowly. 

These  experiences,  while  not  very  extensive,  have  seemed  to  indicate 
that  when  antithyroid,  or  in  very  exceptional  cases,  prothyroid  treat- 
ment fails,  not  much  can  be  promised  by  radical  surgery.  Not  only  the 
danger  but  the  uncertainty  of  the  result  of  operative  removal  of  part  of 
the  thyroid  in  exophthalmic  goiter  demands  that  until  there  is  a  more 
definite  knowledge  of  the  physiology  and  pathology  of  the  organ,  at  least 
a  trial  should  be  made  of  the  specific  treatment. 

According  to  these  statistics  about  30  per  cent,  of  all  cases  under 
careful  management  can  be  practically  cured  and  the  earlier  they  come 
under  treatment  the  better  the  prognosis.  About  50  per  cent,  can  be  im- 
proved; some  20  per  cent,  have  failed  and  of  these  10  per  cent,  have 
already  died.  This  includes  all  stages  and  varieties  of  the  disease;  the 
youngest  patient  was  5  years  of  age  and  the  oldest  over  80;  many  have 
been  sent  for  specific  treatment  as  a  last  resort  and  have  been  considered 
hopeless  at  the  outset,  but  the  inclusion  of  all  patients  without  distinc- 
tion so  long  as  the  diagnosis  is  unmistakable,  is  the  only  method  by 
which  a  reasonable  idea  of  the  prognosis  can  be  derived. 

THE  REACTION  FOLLOWING  THE  INJECTION  OP  SERUM. 

The  serum  is  always  given  by  hypodermatic  injection,  and  we  have 
chosen  the  arm  as  the  site  of  injection  because  it  is  more  convenient  for 
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tlie  patient  and  because  the  local  reaction  causes  less  trouble  in  this 
region  and  nxay  be  treated  more  readily.  The  upper  arm  just  below  the 
deltoid  should  be  carefully  cleaned  and  the  injection  made  subcuta- 
neously  but  not  intramuscularly  in  order  to  avoid  too  rapid  absorption. 
In  95  per  cent,  of  the  injections  the  local  reaction  consists  only  of  an 
area  of  hyperemia  and  slight  induration  which  may  be  somewhat  tender 
on  pressure  for  a  few  hours.  It  quickly  clears  up  and  in  thirty-six  to 
forty-eight  hours  the  ann  is  perfectly  normal.  The  indurated  area 
may  in  some  instances  be  three  or  four  inches  in  diameter  and  occa- 
sionally the  whole  arm  has  become  edematous  from  the  shoulder  to  the 
finger-tips.  Such  a  reaction  is  unpleasant  but  fortunately  it  is  a  rare 
complication  and  if  the  arm  is  wrapped  in  a  wet  dressing  the  reaction 
subsides  without  unpleasant  after-effects.  The  exact  nature  of  the  re- 
action in  any  given  case  cannot  be  foretold  because  the  matter  of  per- 
sonal idiosyncrasy  of  the  patient  is  an  exceedingly  important  factor.  It 
is  best^  therefore^  to  start  with  a  small  dose  and  to  determine  the  nature 
of  the  reaction  in  each  case  before  the  full  therapeutic  dose  is  attempted. 
As  has  already  been  stated,  the  very  acute  toxic  cases  take  the  serum 
better  than  the  mild  cases  and  with  them  it  may  be  best  to  begin  with  a 
full  dose.  If  the  local  reaction  is  marked  it  is  best  to  keep  hot  applica- 
tions on  the  arm  for  half  to  three-quarters  of  an  hour  after  the  injection, 
and  gently  massage  the  area  about  the  point  of  puncture.  Unless  some 
quite  unusual  condition  results  no  further  treatment  is  necessary,  for 
the  condition  subsides  promptly.  If  a  second  injection  is  made  before 
the  reaction  from  the  first  has  subsided  a  more  decided  reaction  is 
produced  in  the  second  instance  and  the  area  of  the  first  injection  is 
again  excited.  The  local  reaction  is  therefore  of  value  as  a  guide  in  the 
determination  of  dose  and  frequency  of  administration.  The  two  arms 
should  be  used  alternately  at  the  site  of  injection. 

The  general  reaction  likewise  shows  considerable  variation.  In  a 
large  percentage  of  cases  there  is  no  disturbance  whatever;  there  may  be, 
however,  a  slight  rise  in  temperature  accompanied  by  nausea,  some  rest- 
lessness and  perhaps  some  increase  in  the  tachycardia.  Rarely  the 
patient  may  vomit  and  all  the  symptoms  of  the  disease  be  temporarily 
exaggerated.  If  the  serum  is  given  too  frequently  or  in  too  large  doses 
both  the  local  and  the  general  reactions  become  more  severe.  The  serum 
must  never  be  pushed  in  the  presence  of  a  progressively  increasing  re- 
action. Serious  consequences  may  arise  if  this  precaution  is  not  ob- 
served. If,  during  the  course  of  treatment,  an  usually  severe  reaction 
has  been  obtained  it  is  best  to  allow  a  somewhat  longer  interval  before 
the  next  injection,  and  at  the  same  time  to  reduce  the  dose. 
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During  the  last  two  years  the  study  of  the  phenomena  of  anaphyl- 
axis^* and  of  the  so-called  "serum  disease'^  has  directed  attention  to  the 
complications  of  serum  administration.  Several  instances  of  severe  re- 
action, some  of  them  even  with  fatal  outcome,^®  have  been  published  re- 
cently and  it  is  evident  that  serious  consequences  may  occasionally 
arise.  (None  of  the  reactions  to  whidi  reference  is  made  have  occurred 
in  the  use  of  the  thyroid  serum.)  We  have  tried  to  avoid  such  pos- 
sibilities by  giving  the  serum  in  the  first  portion  of  the  treatment  at 
short  intervals,  that  is,  from  one  to  five  days,  and  thus  avoid  sensitizing 
the  patient.  In  spite  of  these  precautions  we  have  had  out  of  the  sev- 
eral thousand  injections  that  have  been  made  in  the  course  of  the  last 
three  years,  a  few  very  severe,  and,  for  the  time,  alarming  reactions, 
although  none  have  been  fatal.  These  have  been  obtained  in  cases  which 
have  had  the  serum  for  some  time  and  have  occurred  without  any 
previous  warning.  (It  is  only  fair  to  state  that  nearly  all  of  the  reac- 
tions occurred  in  the  earlier  part  of  our  experience  when  we  were  using 
somewhat  larger  doses  than  we  now  find  necessary.)  These  reactions 
have  developed  in  most  cases  very  shortly  after  the  injection  of  the 
serum,  but  in  a  few  instances  the  onset  has  been  delayed  for  a  couple  of 
hours.  They  have  always  occurred  in  patients  who  have  had  some 
previous  treatment  with  the  serum.  The  reaction  develops  rapidly  and 
resembles  in  some  respects  the  condition  recently  described  by  Ohl- 
macher^^  as  occurring  in  two  cases  treated  with  antistreptococcic  serum. 
The  cutaneous  surfaces  of  the  face  became  very  much  swollen,  the  nose, 
lips  and  ears  were  of  twice  the  normal  size  and  the  exophthalmos  was 
likewise  much  exaggerated.  There  has  been  some  subjective  distress, 
particularly  in  breathing  and  the  patient  has  become  markedly  cyanosed 
with  a  rapid,  feeble  pulse  and  a  more  or  less  pronounced  syncope.  The 
reaction  is  alarming  for  both  patient  and  physician;  but  in  our  experi- 
ence the  condition  has  rapidly  improved  and  an  hour  later  all  evidences 
of  the  attack  may  have  passed  off.  We  do  not  khow  why  such  a  reaction 
should  develop  but  it  is  probably  related  to  the  phenomena  of  anaphyl- 
axis. There  is  probably  some  peculiarly  susceptible  condition  of  the 
patient  at  the  particular  time  the  injection  is  given,  for  the  patient  may 


19.  Rosenau  and  Anderson:  A  New  Toxic  Action  of  Horse  Serum,  Jour.  Med. 
Research,  1906,  xv. 

20.  Gillette,  H.  F.:  Diphtheria  Antitoxin  in  Bronchial  Asthma,  Jour.  Am.  Med. 
Assn.,  1908.  Wiley,  S.  N.:  Sudden  Death  from  Injection  of  Diphtheria  Antitoxin, 
Jour.  Am.  Med.  Assn.,  1908,  1,  137.  Boone,  E.  L.:  Sudden  Death  Following  Use 
of  Diphtheria  Antitoxin,  Jour.  Am.  Med.  Assn.,  1908,  1,  44.  Quigley,  I.  K.:  Col- 
lapse After  Use  of  Diphtheria  Antitoxin,  Jour.  Am.  Med.  Assn.,  1908,  1,  768. 

21.  Ohlmacher,  A.  P.:  Two  Instances  of  Severe  Non-fatal  Serum  Reaction,  Jour. 
Am.  Med.  Assn.,  1908,  1,  875. 
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have  taken  the  same  serum  previously  without  any  marked  reaction,  and 
may  continue  to  take  it  again  for  weeks  without  ever  showing  again  a 
reaction  at  all  like  this.  We  have  learned  to  combat  these  severe  reac- 
tions with  the  hypodermatic  injection  of  thyroid  proteid,  but  their  great 
infrequency  makes  it  probable  that  very  few  physicians  will  ever  have 
occasion  to  deal  with  them.  Since  we  have  given  the  serum  in  smaller 
doses  at  shorter  intervals  we  have, seen  few  disturbances  other  than  the 
local  reaction  in  the  arm.  Following  such  a  reaction  no  serum  should 
be  given  for  a  week  and  then  a  somewhat  smaller  dose  should  be  given 
for  the  first  injection.  Hie  serum  produced  in  each  animal  varies  some- 
what from  that  of  other  animals  so  that  it  is  necessary  to  know  the 
character  of  the  serum  and  the  condition  of  the  patient  before  tiie  ques- 
tion of  dosage  can  be  decided. 

The  relation  which  the  specific  treatment  bears  to  the  surgical  treat- 
ment is  naturally  of  much  interest.  The  list  of  141  patients  includes  8 
who  have  had  some  surgical  procedure  for  the  condition.  Six  of  these 
cases  have  already  been  described.  The  two  others  are  interesting  as 
they  both  are  instances  of  recurrence  after  operation ;  one  of  them  is  of 
especial  interest  as  it  is  the  first  case  in  this  country  of  a  patient  under- 
going surgical  treatment  for  the  relief  of  Graves'  disease.  Brief  his- 
tories of  these  two  cases  are  given  below : 

Case  1. — Patient. — ^Mr.  F.,  aged  28,  had  the  disease  for  eight  years,  operated 
on ;  had  the  right  lobe,  isthmus  and  part  of  the  left  lobe  removed,  'improving  the 
fast  pulse,  exophthalmos  and  nervousness."  Still  had  attacks  of  diarrhea  and 
tremor;  pulse  was  109;  the  patient  slept  badly;  had  lost  35  pounds  in  the  last 
three  months  and  was  unable  to  work. 

Results  of  Treatment, — ^The  patient  was  under  treatment  for  six  weeks.  Im- 
provement began  with  the  first  injection ;  the  tumor  was  greatly  reduced,  diarrhea 
cured,  tremor  greatly  reduced,  he  can  walk  a  good  distance  without  undue  fatigue. 
Has  gained  27  pounas  since  the  treatment  began  and  is  in  every  way  much  im- 
proved. 

Case  2. — Patient. — A  woman  of  34  years,  weight  130,  physical  condition  typical 
of  Graves'  disease,  tachycardia  of  116  to  140,  heart  otherwise  normal,  nervous 
with  marked  tremor,  small  goiter  of  medium  consistence,  increasing  in  size  during 
the  last  few  weeks. 

History. — ^This  patient  was  the  first  to  have  removal  of  gland  in  this  country 
for  the  relief  of  Graves*  disease.  The  operation  was  done  by  Dr.  A.  C.  Bemays  in 
St.  Louis  May  13,  1894.  The  right  half  of  the  gland  was  removed  and  the  superior 
artery  tied  on  the  leit  side.  The  condition  previous  to  the  operation  was  serious, 
but  the  patient  was  entirely  relieved  and  remained  well  during  thirteen  years 
following  the  operation.  There  was  redevelopment  of  the  disease  in  the  spring  of 
1907.  Her  condition  has  been  growing  worse.  Treatment  by  rest,  ice  pack  and 
quinin  hydrobromate  had  not  improved  the  condition. 

Results  of  Treatment. — ^Ten  injections  of  serum  were  given;  the  first  caused  a 
marked  reaction,  the  second  much  less,  and  it  gradually  decreased  to  no  reaction 
whatever,  "and  with  this  the  pulse  Kept  growing  slower,  she  gained  in  weight,  the 
goiter  grew  less,  and  every  symptom  gradually  disappeared." 
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To  sununarize  these  cases  again,  it  will  be  recalled  that  fiv6  patient? 
tried  seifmn  first  without  benefit  and  later  died  as  a  result  of  operation, 
two  were  operated  on  before  the  serum  treatment  with  good  result  and 
were  later  treated  successfully  with  serum  for  a  recurrence  of  the  dis- 
ease, and  the  last  was  benefited  considerably  by  serum  treatment  pre- 
liminary to  a  completely  successful  operation.  As  far  as  these  figures  go 
it  would  seem  that  if  a  case  can  not  be  benefited  by  serum  it  may  be 
dangerous  to  operate;  and  also  that,  if  an  operation  is  likely  to  be  suc- 
cessful serum  may  also  be  successful.  It  appears  to  be  true  that  the  type 
of  case  which  can  be  completely  cured  by  operation  is  a  type  favorable 
for  serum  treatment. 

It  must  not  be  understood  that  what  has  been  said  above  is  a  crit- 
icism of  or  an  argument  against  the  operative  treatment.  The  few 
brilliant  operators  who  have  had-suflBcient  experience  to  select  the  cases 
intelligently,  give  the  proper  preliminary  treatment,  and  carry  out  the 
operative  procedure  with  the  requisite  skill  and  judgment  have  had  ver}' 
good  results  and  their  statistics  speak  for  themselves;  but  the  fact  re- 
mains that  for  the  majority  of  surgeons  the  operation  gives  a  high 
mortality  and  not  fully  satisfactory  postoperative  results.  Moreover,  I 
think  the  time  has  not  yet  come  to  determine  precisely  what  the  results 
of  operative  procedure  are  to  be.  Surgical  removal  of  the  thyroid  for 
Graves'  disease  can  scarcely  be  considered  an  emergency  operation,  and 
in  my  opinion  should  not  be  undertaken  unless  the  operator  is  thor- 
oughly familiar  with  disease,  and  has  had  his  judgment  tempered  by  a 
wide  experience. 

Graves'  disease  is  a  serious  malady  and  should  be  so  regarded.    The 

fact  that  incipient  cases  in  young  women  will  in  most  cases  improve 

promptly  with  rest  and  tonic  treatment  is  a  cogent  reason  for  early 

recognition  of  the  condition,  but  even  in  early  cases  there  are  many  that 

do  not  terminate  so  happily  but  continue  to  progress  toward  an  acute 

development  of  hyperthyroidism.    Again  it  is  often  found  that  the  rest 

cure  is  only  temporary  and  that  as  soon  as  activity  is  resumed  the  serious 

symptoms  again  appear.    The  earlier  symptoms  may  not  be  such  as  to 

disturb  the  patient  and  she  may  be  thought  merely  nervous.    In  many 

of  our  cases  the  condition  has  been  first  noticed  by  the  patient's  friends 

or  by  the  physician  at  a  time  when  the  patient  feels  perfectly  well.    The 

analogy  between  Graves'  disease  and  health  urged  by  Putnam*^  is  of 

considerable  importance.    He  says : 

The  symptoms  of  Graves'  disease  shade  off,  if  one  studies  a  large  number  of 
cases,  into  the  phenomena  of  health.    The  tremor,  the  rapid  and  excitable  pulse, 

22.  Putnam:  Clinical  Aspects  of  the  Internal  Secretion,  Tr.  Cong.  Am.  Phys. 
and  Surg.,  1897,  iv,  p.  122. 
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the  flushed  skin,  the  restlessness  of  mind,  are  seen  almost  liabitually  in  many 
persons  who  are  simply  called  nervous,  and  these  symptoms  and  more,  including 
the  staring  gaze,  may  come  on  suddenly,  even  in  a  presumably  healthy  person, 
under  the  influence  of  a  strong  emotion,  which  may  be  called  either  a  disease 

or  a  quasi-physiological  state I  will  repeat  in  conclusion  that  the 

importance  of  the  analogy  between  Graves'  disease  and  health  is  urged,  not  as 
an  exclusive  theory,  but  as  one  profitable  mode  of  regarding  the  subject. 

It  is,  of  course,  impossible  from  the  data  at  our  disposal  to  determine 
the  precise  value  of  the  serum  in  the  treatment  of  hyperthyroidism.  I 
believe  that  as  far  as  numbers  are  concerned  an  equally  large  series  may 
be  shown  which  have  done  as  well  or  perhaps  better  on  purely  medical 
treatment,  but  the  type  of  case  counts  for  everything.  Practically  all 
of  the  first  100  patients  and  at  least  75  per  cent,  of  the  remainder  have 
used  the  serum  only  as  a  last  resort  after  having  tried  rest;  tonics,  thy- 
roidectin,  and  a  great  variety  of  medical  measures  without  relief.  In 
many  such  cases  when  the  gamut  of  general  therapy  has  been  run  the 
serum  has  been  given  with  the  most  striking  and  immediate  benefit.  In 
the  majority  of  cases,  however,  the  improvement,  although  positive  and 
undoubted,  has  been  slow  and  gradual,  perhaps  requiring  six  to  eighteen 
months  for  the  final  complete  recovery.  This  is  not  in  any  way  unusual, 
since  recovery  after  surgical  removal  of  the  gland  is  in  many  cases  slow, 
requiring  one  or  two  years. 

CONCLUSIONS. 

This  work  is  the  first  attempt  to  treat  disease  in  the  human  subject 
by  means  of  a  specific  cytotoxic  serum,  and  our  own  conclusions,  subject 
to  revision  as  experience  increases,  are  as  follows : 

1.  The  serum  has  a  specific  efifect  in  neutralizing  the  toxic  action  of 
the  thyroid  secretion. 

2.  As  a  therapeutic  agent  it  gives  results  which  can  not,  in  many 
cases,  be  attained  by  any  other  medical  means. 

3.  Not  all  cases  presenting  symptoms  of  thyroidism  can  be  treated 
successfully  with  serum,  because  not  all  cases  are  purely  hypertrophied 
in  origin. 

4.  The  rapid  amelioration  of  symptoms  in  the  acute  toxic  cases, 
similar  in  most  respects  to  the  well  accepted  instances  of  neutralization 
of  toxin  by  antitoxin,  is  a  weighty  argument  in  favor  of  believing  the 
symptoms  to  be  due  to  the  toxic  effects  of  hyperthyroidism. 

5.  The  beneficial  results  of  combined  treatment,  especially  in  the 
older  cases,  indicates  a  dysthyroidism  as  well  as  hyperthyroidism  as  a 
factor  in  the  production  of  symptoms. 

Cornell  University  Medical  College,  Twenty-eighth   Street  and  First  Avenue. 
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TRANSFUSION   OF   BLOOD   IN  THE  TRANSPLANTABLE 
LYMPHOSARCOMA   OF   DOGS.* 

Geo.  W.  Crile  and  S.  P.  Beebe. 

No  phase  of  experimental  cancer  research  has  aroused 
more  interest  than  the  demonstration  of  an  immunity  subse- 
quent to  the  spontaneous  recovery  from  implanted  tumors. 
The  truth  of  this  principle  has  been  established  by  numerous 
observations  in  various  laboratories  during  the  last  three 
years,  and  yet  there  are  a  few  observations  in  the  older  liter- 
ature on  the  spontaneous  retrogression  of  experimentally 
inoculated  tumors.  Wehr*  in  1883  noted  the  spontaneous 
retrogression  of  tumors  developed  by  transplanting  fragments 
of  a  medullary  carcinoma  in  dogs ;  Smith  ^  and  Washbourn 
in  1897  noted  the  spontaneous  retrogression  of  tumors 
developed  by  planting  fragments  of  a  round  celled  sarcoma 
found  on  the  sexual  organs  of  dogs,  and  they  made  the 
further  very  noteworthy  observation  that  after  spontaneous 
healing  of  the  tumors  there  existed  an  immunity  which  pro- 
tected against  further  implantation;  Leo  Loeb^  in  1902 
noted  retrogression  of  many  of  his  transplantable  sarcoma  in 
rats;  Sticker*  in  1904  confirmed  Smith  and  Washbourn's 
observations  on  the  spontaneous  retrogression  of  the  sarcoma 
in  dogs.  It  is,  however,  only  within  the  last  three  years 
since  the  transplantation  of  carcinoma  and  sarcoma,  in  mice 
and  rats  that  the  importance  of  this  retrogression  in  the 
tumor  process  has  been  appreciated.  The  authentic  demon- 
stration that  these  transplantable  mouse  carcinoma  retrogress 

•  The  laboratory  work  forming  the  basis  for  this  report  was  done  at  the  Loomis 
Laboratory  of  Cornell  University  Medical  College,  under  the  auspices  of  the  Huntington 
Fund  for  Cancer  Research  of  the  General  Memorial  Hospital.  Received  for  publica- 
tion March  24, 1908. 
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Spontaneously  in  a  varying  percentage  of  cases  and  that 
subsequently  there  exists  an  immunity  sufficient  to  protect  the 
animal  against  further  inoculation  of  like  virulence  is  one  of 
the  fruits  of  American  cancer  research,  and  although  this 
work  of  Gaylord  and  Clowes'*  was  at  first  rejected  by  some 
investigators,  notably  Bashford^  and  Ehrlich,^  it  is  now 
accepted  everywhere  as  one  of  the  foundation  principles  in 
cancer  investigation.  These  results  with  the  additional 
demonstration  by  the  same  investigators  that  the  serum  of 
the  spontaneously  recovered  animals  contains  some  sub- 
stances capable  of  inhibiting  the  growth  of  the  tumor,  have 
led  directly  to  the  present  experiments. 

The  possibilities  of  a  serum  therapy  for  malignant  tumors 
have  been  the  subject  of  experimental  investigation  in  many 
laboratories  and  we  have  lively  hopes  that  some  procedure 
which  will  be  in  accord  with  the  method  by  which  nature 
inhibits  the  process  and  finally  absorbs  the  tumor  mass  may 
be  applied  therapeutically.  In  this  relation  the  most  impor- 
tant facts  regarding  immunity,  which  have  been  determined  by 
the  experimental  work  of  the  last  five  years,  are  the  following : 

First.  A  certain  percentage  of  animals  are  naturally 
immune  to  tumor  implantation. 

Second.  A  certain  percentage  of  those  animals  which  can 
be  successfully  implanted  recover  spontaneously,  and  the 
tumors  are  completely  absorbed.  (The  percentage  of  these 
two  groups  depends  largely  upon  the  virulence  of  the 
tumor.) 

Third.  The  spontaneously  recovered  animal  may  not  be 
successfully  implanted  a  second  time  with  tumors  of  like 
virulence. 

Fourth.*  There  is  no  known  method  of  rendering  a 
susceptible  animal  immune  except  by  the  actual  growth 
and  subsequent  retrogression  of  the  tumor. 

The  nature  of  the  immunity  possessed  by  the  spontaneously 
recovered  animal  or  by  the  naturally  immune  animal  is  at 


♦  During  the  last  year  several  reports  have  appeared  dealing  with  immunity.  It  is 
probable  that  various  methods  may  suffice  to  immunize  an  animal  against  tumor 
implantation,  such  ab  inoculations  with  organ  and  embryonic  tissue  extracts. 
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present  a  subject  for  active  discussion.  It  does  not  seem  to 
correspond  exactly  to  the  immunity  developed  toward 
infections,  and  yet  the  serum  of  the  recovered  animal  seems 
to  exert  a  harmful  action  on  living  tumor  cells.  It  has  been 
repeatedly  observed  that  any  influence  such  as  unfavorable 
hygienic  surrounding,  unsuitable  food,  repeated  hemor- 
rhages which  diminish  the  general  resistance  also  decrease  the 
immune  forces  opposing  the  tumor  growth. 

Ehrlich's^  idea  that  tumor  growth  is  a  matter  of  suitable 
food-stuff,  or  if  not  food-stuff  directly  then  some  intermediate 
group  which  permits  the  tumor  cells  to  make  use  of  the  cir- 
culating food-stuff  already  present,  is  an  ingenious  attempt 
to  explain  the  process,  but  it  fails  to  account  for  the  many 
varied  facts  already  discovered.  A  further  discussion  of  the 
relation  of  his  theory  to  the  present  work  will  be  given  later 
in  the  paper. 

The  demonstration  by  Gaylord  and  Clowes^  that  the 
serum  of  the  immune  animal  had  an  injurious  effect  upon 
tumor  cells,  and  that  in  some  instances  it  seemed  to  aid  in 
the  inhibition  of  a  growth  already  implanted,  led  us  to  try  the 
effect  of  a  direct  transfusion  of  the  whole  blood  of  a 
spontaneously  recovered  and  therefore  immune  animal  to  an 
animal  with  actively-growing  tumors.  The  method  was  one 
previously  employed  by  one  of  us^  in  a  large  series  of 
transfusions  and  demonstrated  to  be,  in  itself,  an  absolutely 
safe  operative  procedure  if  done  with  proper  technic. 

Technic.  • — The  transference  of  the  blood  is  accomplished 
by  the  following  technic:  an  artery,  preferably  the  carotid, 
is  exposed  from  its  bifurcation  well  down  to  the  root  of  the 
neck.  The  artery  is  ligated  at  its  bifurcation.  A  special 
artery  clamp  is  adjusted  upon  the  artery  near  the  root  of 
the  neck.  By  an  adjustable  screw  clamp  the  lumen  of  the 
vessel  may  be  closed  without  damage  to  the  intima,  thus 
preventing  clotting  of  blood.  The  artery  is  severed  with  a 
sharp  scissors  near  the  ligature.  The  adventitia  is  drawn 
well  through  over  its  end  and  divided,  thus  leaving  the  free 
end   of  the  artery  for  manipulation.     The  external  jugular 
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vein  of  the  recipient  is  likewise  freed  by  dissection  as  far  as 
convenient.  The  distal  part  is  then  ligated  and  on  the 
proximal  end  a  similar  adjustable  clamp  is  placed,  closing  its 
lumen.  The  vein  is  then  divided  with  a  sharp  scissors  as  in 
the  case  of  the  artery,  the  adventitia  is  drawn  out  and 
snipped  off  close  to  the  divided  end  of  the  other  coats.  The 
end  of  the  vein  is  now  pushed  through  the  special  transfusion 
cannula.  The  end  of  the  vessel  thus  pushed  through  is  now 
turned  back  as  a  cuff  over  the  cannula  and  held  fast  by  a 
fine  silk  or  linen  ligature,  tied  in  the  second  groove.  The 
animals  are  now  approximated  so  that  the  artery  and  the 
vein  will  come  in  contact  with  each  other.  By  means  of  a 
hemostat,  grasping  the  handle  of  the  cannula,  and  with  two 
or  three  very  small  forceps  grasping  the  divided  end  of  the 
artery,  the  artery  is  drawn  over  the  cannula  and  held  in 
place  with  a  firm  tie  of  a  small  silk  or  linen  ligature  in  the 
first  groove.  The  adjustable  clamp  is  removed  from  the 
vein,  then  from  the  artery.  At  once  a  stream  of  blood 
rushes  across  the  anastomosis,  filling  the  vein. 

Since  this  technic  unites  the  circulation  of  the  two  animals 
in  such  a  manner  that  intima  only  comes  in  contact  with 
intima,  the  blood  stream,  therefore,  comes  in  contact  with 
nothing  but  intima  and  clotting  does  not  follow.  The  full 
head  on  stream  from  the  artery  would,  if  not  guarded,  in 
some  instances  at  least,  overwhelm  the  heart.  It  is  necessary 
to  control  the  rate  of  flow  by  pressure  upon  either  the  artery 
or  the  vein.  In  this  manner  the  rate  of  flow  and  the  amount 
transferred  is  under  immediate  control. 

We  aimed  at  transferring  as  much  blood  as  possible ;  the 
mucous  membrane,  the  conjunctiva,  even  the  skin  of  the 
recipient  became  red  as  the  transfusion  progressed.  In  a 
few  instances  urticaria  was  noted  on  the  abdomen. 

Transfusion  is  most  readily  accomplished  by  the  use  of  a 
special  cannula  for  this  purpose.  This  cannula  is  a  tube 
having  a  short  projecting  handle  for  facilitating  manipulation, 
and  two  grooves  in  the  outer  surface  of  the  cylinder. 

The  experiments  forming  the   basis  of  this  report  were 
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made  upon  a  series  of  dogs  affected  with  a  transplantable 
lymphosarcoma.*  Such  a  tumor  has  been  the  subject  of 
observation  and  experimental  transplantation  by  a  number 
of  investigators,  the  first  publication,  that  of  Novinsky,^^ 
having  appeared  in  1877.  Wehr^*  in  1883,  Duploy  and 
Cazin  ^-^  in  1894,  Geissler^'^  in  1895,  Smith  and  Washbourn^* 
in  1897,  Powell  White *^  in  1892,  Sanfelice^^  in  1904, 
Sticker"  in  1904,  Bash  ford,  Murray  and  Cramer  ^^  in  1905, 
and  Beebe  and  Ewing^^  in  1906  have  described  tumors 
found  upon  the  genital  organs  of  dogs.  In  most  instances 
there  have  been  observations  upon  the  transmission  of  these 
tumors  by  coitus,  but  the  histological  diagnosis  of  the  differ- 
ent observers  has  not  been  identical.  However,  as  one  reads 
the  description  of  the  process,  one  is  more  and  more  con- 
vinced that  these  men  have  all  been  dealing  with  the  same 
type  of  growth,  and  that  it  is  similar  to  the  tumors  which 
have  been  under  observation  in  this  laboratory  during  the 
last  two  years. 

There  is  a  difference  of  opinion  among  the  various  inves- 
tigators who  have  studied  the  process  as  to  whether  it  is  a 
real  tumor.  Wehr  and  Geissler  call  it  carcinoma,  Novinsky, 
Smith  and  Washbourn,  Sanfelice,  Sticker,  Beebe  and  Ewing 
agree  that  the  tumor  is  a  sarcoma,  while  Powell  White  calls 
it  a  contagious  growth ;  and  Bashford,  Murray  and  Cramer 
are  positive  that  the  facts  can  only  be  explained  by  calling 
it  an  infectious  granuloma.  The  controversy,  therefore,  is 
between  those  who  believe  the  process  an  infectious  granu- 
loma and  those  who  believe  it  to  be  a  true  tumor.  The 
dispute  may  not  be  settled  by  the  histological  examination, 
for  Bashford,  Murray  and  Cramer  agree  that  the  histological 
appearance,  the  local  mode  of  origin,  its  mode  of  gr*)wth 
from  its  own  elements,  the  impossibility  of  transferring  it  to 
other  species  of  animals  are  tumor  attributes.  The  chief 
arguments  by  which  they  controvert  the  tumor  nature  of  the 
growths  are  the  following : 


*  Various  investigators  who  have  studied  this  process  have  differing  opinions 
retjarding  its  nature,  and  it  seems  best,  therefore,  to  examine  this  matter  in  some 
detail  before  proceeding  to  a  description  of  the  transfusion. 
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First.  The  infectious  character  of  the  process,  as  evi- 
denced by  its  mode  of  transmission,  i.e.,  coitus. 

Second.  Necrosis  of  tumor  grafts  and  development  of 
the  new  tumor  from  the  surrounding  connective  tissue  cells 
of  the  host. 

Third.  Identity  of  transplantation  experiments  with  the 
processes  which  arise  after  injection  of  tubercle  bacilli. 

Fourth.  The  more  frequent  occurrence  of  the  tumors  in 
young  adult  dogs  anfi  their  comparative  infrequency  in  older 
animals. 

It  is  our  purpose  to  examine  critically  these  arguments 
and  state  our  own  position  with  reference  to  them.  With 
regard  to  the  mode  of  transmission,  it  is  a  matter  of  common 
observation  that  coitus  in  the  dog  is  a  peculiar  act,  and  one 
that  is  in  most  cases  accompanied  by  some  abrasions  of 
mucous  membrane.  If,  in  addition,  either  animal^  has  an 
ulcerating  tumor  on  the  genital  organs,  the  possibilities  are 
very  great  of  infecting  the  other  by  a  transplantation  of 
tumor  cell  to  abraded  surface.  In  our  laboratory  we  have 
repeatedly  shown  that  it  is  only  necessary  to  rub  a  freshly- 
cut  tumor  over  a  raw  surface  in  order  to  secure  subsequent 
growth  of  the  neoplasm.  It  is  worth  while  to  note  beside 
that  this  tumor  has  in  the  course  of  nature  been  subjected  to 
repeated  transplantation  in  such  manner,  and  as  we  know 
from  the  recent  laboratory  work,  the  transplantation  of  a 
tumor  through  a  series  of  susceptible  hosts  raises  its  viru- 
lence, so  we  should  expect  this  tumor  to  be  more  readily 
transferred  than  others  which  have  not  had  such  a  history. 
The  mode  of  transmission  of  the  tumor  is  the  result  of  a 
somewhat  unusual  combination  of  factors  which  are  not 
incompatible  with  the  acceptance  of  the  process  as  a  neo- 
plasm. 

The  second  argument  is  of  much  greater  significance  than 
the  first.  If  it  is  true  that  a  graft  of  the  tumor  when  im- 
planted in  a  new  host  suffers  complete  necrosis  while  a  new 
process  grows  from  the  surrounding  connective  tissue  cells 
of  the  host,  then  we  are  surely  dealing  with  an  infection  and 
not   a   tumor,     On    this    point   we    have    the    experimental 
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evidence  of  Beebe  and  Ewing  as  follows :  When  a  graft  of  the 
freshly-cut  tumor  is  implanted  subcutaneously  in  a  new  host, 
the  larger  portion  of  the  graft  necroses,  but  there  remains  a 
layer  of  living  cells  about  the  periphery  of  the  piece  sharply 
separated  in  many  cases  from  the  tissue  of  the  host,  and  it  is 
from  these  cells  that  the  new  tumor  develops.  These  exper- 
iments have  been  made  a  number  of  times,  and  there  is  no 
doubt  of  the  interpretation  of  the  findings ;  moreover,  Bash- 
ford,  Murray  and  Cramer  admit  that  in  more  rapidly-grow- 
ing tumors  the  chief  part  of  the  growth  arises  from  the  tumor 
cells,  and  the  transformation  of  the  fibroblasts  is  not  always 
in  evidence.  When  the  small  wound  made  by  transplanting 
the  graft  becomes  infected,  the  whole  series  of  events  is 
obscured,  and  the  relations  of  the  cells  of  the  host  in  the 
formation  of  the  tumor  may  be  very  uncertain.  When  metas- 
tases of  the  tumor  are  found  in  the  liver,  lung,  and  kidney 
the  cells  are  sharply  separated  from  the  liver  tissues,  and  in 
no  case  can  we  find  any  evidence  of  a  gradual  metamorpho- 
sis of  host  cell  to  tumor  cell.  The  behavior  of  tumor  grafts 
when  transplanted  affords  the  most  conclusive  evidence  re- 
garding the  nature  of  the  suspected  tumor,  and  in  accepting 
the  results  of  Beebe  and  Ewing,  which  are  in  direct  contra- 
diction to  those  of  Bashford,  Murray  and  Cramer,  we  find 
that  this  method  of  experimentation  demonstrates  the  tumor 
character  of  the  process. 

The  third  argument  in  opposition  is  answered  by  the 
experiments  of  Beebe  and  Ewing  just  quoted.  There  is  in 
these  transplantation  experiments  no  evidence  of  a  similarity 
between  the  processes  reactive  to  tumor  transplantation  and 
to  injection  of  tubercle  bacilli. 

Fourth,  the  tumors  are  not  found  exclusively  upon  young 
animals.  Many  older  animals  show  the  tumor,  and  in  most 
instances  it  pursues  a  more  malignant  course  in  the  older 
animals.  The  method  of  transmission  favors  its  occurrence 
in  larger  numbers  in  young,  adult,  sexually  active  animals, 
and  it  is  a  well-recognized  clinical  observation  that  sarfcoma 
is  more  commonly  found  in  young  individuals  and  carcinoma 
in  those  of  advanced  age. 
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A  critical  examination  of  the  objections  of  Bashford,  Mur- 
ray and  Cramer  reveals,  therefore,  nothing  which  is  not 
compatible  with  the  tumor  idea  and  which  is  not  best  ex- 
plained and  understood  by  considering  the  process  a  neo- 
plasm. There  is,  in  addition,  a  considerable  amount  of 
collateral  evidence  which  points  in  the  same  direction,  viz. : 
the  tumor  produces  general  metastases,  which  lead  to  a  fatal 
issue ;  no  method  of  infection  in  which  anything  less  than  a 
living  cell  has  been  transferred  from  one  host  to  another  has 
ever  given  tumor  growth.  The  range  of  temperature  to 
which  one  may  subject  the  tissue  and  still  have  growth  indi- 
cates that  the  critical  points  are  those  of  a  highly  developed 
protoplasm  and  not  a  microorganism.  No  microorganisms 
have  been  found  which  bear  any  relation  to  etiology, 
although  Ewing^  has  studied  a  large  number  of  the  arti- 
ficially transplanted  as  well  as  primary  tumors.  In  a  few 
instances  spiral  organisms  have  been  fobnd  on  the  ulcer- 
ated surfaces  of  some  of  the  tumors,  but  in  no  case  in  non- 
ulcerated  tumors.  Even  in  the  ulcerated  growths  the  spiral 
forms  are  found  only  a  short  distance  from  the  surface,  and 
it  is  now  well  known  that  such  organisms  are  abundant  on 
most  infected,  ulcerating  surfaces,  and  their  presence  has  no 
etiological  relation  whatever  to  the  process  under  discussion. 
From  the  total  available  evidence  we  are  convinced  that  the 
process  is  a  true  tumor. 

In  the  following  pages  we  give  the  actual  details  of  each 
transfusion,  and  by  comparing  these  with  the  diagrams  of 
the  tumors  we  believe  an  accurate  idea  may  be  gained  of  the 
course  of  events  in  each  experiment.  Following  these 
experimental  records  we  propose  to  discuss  their  significance 
in  regard  to  tumor  immunity.  The  tumor  animals  had  in 
every  case  been  kept  under  close  observation  for  some  weeks 
prior  to  the  transfusion,  and  only  those  whose  tumors  had 
never  shown  any  tendency  toward  spontaneous  regression 
were  chosen  as  recipients  for  the  transfusion. 

Details  of  Transfusion. 
First  Experiment.  —  Recipient.     Dog  No.  133,  long-haired  mongrel, 
weight  seventeen  kilos.     Planted  December  6  in  the  same  lot  with  Dog 
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No.  125.  Four  tumors  developed  and  grew  slowly  at  first  but  more 
rapidly  later,  and  at  the  time  of  the  transfusion  they  were  in  a  flourishing 
condition. 

Donor.  Dog  No.  289.  A  strong  healthy  animal  weighinj^  nineteen 
kilos,  in  excellent  physical  condition.  He  had  been  planted  previously 
in  a  group  of  six  dogs  that  gave  fifty-five  per  cent  growth,  but  he  failed  to 
take  the  tumor.     This  donor  was  therefore  naturally  immune. 

Transfusion,  March  20,  Dog  No.  133  bled  six  hundred  cubic  centi- 
meters and  transfused  with  one  thousand  five  hundred  cubic  centimeters 
from  Dog  No.  289.  In  five  days  following  the  transfusion  the  tumors  of 
Dog  No.  133  began  to  regress  and  the  absorption  continued  steadily  (see 
charts)  until  the  tumors  had  been  entirely  absorbed.  The  animal  was 
replanted  with  the  tumor  on  June  1 1  and  again  on  August  28  without 
growth. 

Second  Experiment.  —  ^^^/^/V///.  Dog  No.  125,  medium-sized, 
curly-haired  mongrel,  weight  about  fourteen  kilos.  Planted  on  Decem- 
ber 6  by  trocar;  four  abdominal  tumors  developed  by  January  17  and 
continued  to  grow  rapidly.  On  February  23  tumor  No.  3  was  partially 
removed  and  plants  were  made  from  it  into  the  back  of  the  same  animal. 

Donor.  Dog  No.  163,  short-haired  mongrel,  weight  about  sixteen 
kilos.  Had  grown  tumors  six  months  before  but  they  had  completely 
regressed  except  a  small  nodule  on  the  abdomen  which  remained  stationarj- 
for  some  weeks.  To  determine  whether  the  animal  was  yet  immune  he 
was  planted  on  December  14.  No  tumors  developed  but  the  old  nodule 
increased  in  size  for  two  weeks  and  then  completely  regres.sed.  The 
animal  had  no  tumors  on  March  20. 

Transfusion  No.  \.  March  20,  five  hundred  cubic  centimeters  of  blood 
were  withdrawn  from  the  femoral  artery  of  the  recipient,  and  the  same 
quantity  put  into  his  femoral  vein  from  the  donor,  Dog  No.  163. 

Regressive  changes  were  seen  in  the  tumors  of  Dog  No.  125  on  March 
25  and  by  following  the  charts  it  will  be  seen  that  this  regression  con- 
tinued steadily  until  the  tumors  on  the  abdomen  had  been  completely 
absorbed,  the  time  required  being  about  eight  weeks. 

On  April  20  a  metastasis  appeared  in  the  right  groin  (see  chart)  and  on 
April  12,  May  i,  and  May  16  the  tumors  previously  planted  on  the  back 
appeared  and  began  to  grow^  Because  of  this  growth  it  was  determined 
to  do  a  second  transfusion  using  as  a  donor  Dog.  No.  133,  the  animal 
cured  by  the  previous  transfusion. 

Transfusion  No.  2.  May  21,  Dog  No.  125  bled  from  the  jugular  but 
through  an  error  the  amount  of  blood  was  not  measured ;  five  hundred 
and  fifty  cubic  centimeters  of  blood  were  transfused  from  Dog  No.  133. 

Following  the  transfusion  the  tumors  regressed  for  a  time  and  then 
became  stationary.  Later  they  began  to  grow  very  slowly  so  that  it  was 
determined  to  do  a  third  transfusion. 

Transfusion  No.  3.  The  donor.  Dog  No.  278,  had  been  cured  by  a 
previous   transfusion   (see  experiment    No.  4  A).     Augu.st  29,  Dog  No. 
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125  bled  six  hundred  cubic  centimeters  and  transfused  with  three  hundred 
cubic  centimeters.  We  intended  to  make  a  much  larger  transfusion  and 
were  disappointed  in  the  amount  actually  transferred.  The  tumors  con- 
tinued to  grow  very  slowly.     A  fourth  transfusion  was  determined. 

Transfusion  No.  4.  Donor  was  Dog  No.  491,  animal  of  about  thirteen 
kilos  body  weight  that  had  previously  grown  the  tumors,  but  had  sponta- 
neously absorbed  them.  Dog  No.  125  was  bled  six  hundred  cubic  centi- 
meters and  transfused  with  five  hundred  and  fifty  cubic  centimeters  from 
Dog  No.  491.  Five  days  later  Dog  No.  125  had  a  secondary  hemorrhage 
at  the  seat  of  operation  and  was  so  weakened  by  it  that  he  died. 

Third  Experiment.  —  ^^a^/>«/.  Dog  No.  116,  black  and  tan, 
weight  eight  kilos.  This  animal  was  in  very  poor  physical  condition  at  the 
time  of  the  transfusion.  Tumors  were  planted  on  January  7,  first  growth 
of  tumors  noticed  on  February  13.  The  mange  developed  in  the  animal 
about  January  30,  and  the  disease,  together  with  the  increasing  growth  of 
the  tumors,  had  made  the  animal  very  cachectic. 

Donor,  Dog  No.  244,  fox  terrier,  weight,  nine  kilos.  This  animal  was 
not  in  good  physical  condition  at  the  time  of  the  transfusion.  He  had 
grown  four  small  tumors  previously  and  they  had  completely  regressed. 
Following  the  transfusion,  Dog  No.  244  was  again  planted  with  the  tumor 
with  positive  results  in  each  plant,  and  metastases  formed  in  a  few  weeks. 
Therefore  the  immunity  which  he  possessed  at  the  time  of  the  transfusion 
must  have  been  very  weak.  Dog  No.  244  will  be  referred  to  in  a  later 
transfusion. 

Transfusion,  March  20,  Dog  No.  116  was  bled  four  hundred  cubic 
centimeters  and  received  six  hundred  cubic  centimeters  from  Dog  No.  244. 
The  tumors  of  Dog  No.  116  were  not  affected  by  the  transfusion;  they 
continued  to  grow  steadily  and  the  animal  died  on  April  17  in  a  very 
cachectic  condition. 

Fourth  Experiment,  A.  —  Recipient.  Dog  No.  278,  mongrel,  weight 
fifteen  and  one-half  kilos.  Planted  on  February  2.  Two  tumors  appeared 
on  March  7,  and  the  remaining  two  on  March  28.  At  the  time  of  the 
transfusion  he  had  four  good  tumors  which  had  been  growing  rapidly. 

Donor,  Large  vigorous  normal  animal  which  had  never  grown  tumors 
was  used  as  a  donor.  He  had  been  received  at  the  laboratory  on  thesjay 
previous  to  the  transfusion.  • 

Transfusion.  May  21,  Dog  No.  278  was  bled  four  hundred  and  thirty 
cubic  centimeters  of  blood  and  received  one  thousand  five  hundred  cubic 
centimeters  from  his  donor.  Following  the  transfusion  his  tumors  rapidly 
regressed.  All  the  tumor  tissue  was  absorbed  by  July  20.  The  animal 
was  replanted  on  August  2  and  again  on  August  28,  but  there  was  no 
growth  from  these  grafts. 

Fourth  Experiment,  B.  —  Donor.  As  a  part  of  the  same  experiment 
the  blood  from  Dog  No.  278,  the  recipient  in  the  previous  transfusion, 
was  passed  into  Dog  No.  115. 
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Recipient,  Dog  No.  115.  Planted  on  January  7  with  negative  results. 
The  animal  was  then  bled  from  the  carotid  in  order  to  reduce  his  resist- 
ance, and  following  this  hemorrhage  he  was  again  planted  with  tumors  on 
February  14.  The  plants  all  gave  positive  growth,  but  after  reaching  the 
size  of  a  hickory  nut  they  began  to  regress. 

Transfusion.  The  transfusion  was  done  in  this  case  to  determine 
whether  the  blood  from  a  dog  (No.  278)  growing  the  tumors  rapidly 
would  stop  the  regression  if  transfused  into  an  animal  with  regressing 
tumors  (Dog  No.  115).  Dog  No.  115  was  bled  two  hundred  and  thirty 
cubic  centimeters  and  transfused  with  four  hundred  and  thirty  cubic 
centimeters  from  Dog  No.  278.  The  tumors  of  Dog  No.  115  continued 
to  regress  though  at  a  slower  rate  than  before  the  transfusion. 

Fifth  Experiment. — Recipient.  Dog  No.  132,  short-haired  mongrel 
of  fifteen  kilos.  Planted  on  March  10,  tumors  developed  April  6  and  con- 
tinued to  grow  nicely  until  the  day  of  the  transfusion. 

Donor.  Dog  No.  275.  Planted  on  February  4.  One  small  tumor 
developed,  but  it  had  been  completely  reabsorbed  before  the  transfusion. 

Transfusion.  May  21,  Dog  No.  132  bled  three  hundred  cubic  centi- 
meters and  transfused  with  five  hundred  cubic  centimeters  from  Dog  No. 
275.  Following  the  transfusion  the  tumors  in  Dog  No.  132  began  to 
regress  and  the  absorption  continued  steadily  until  the  tumors  were 
entirely  gone.  The  animal  was  planted  on  June  1 1  and  again  on  August 
28  without  any  growth  resulting. 

Sixth  Experiment.  —  In  this  experiment  the  same  animal  was  trans- 
ftised  three  times  on  different  occasions  and  therefore  it  will  be  necessary 
to  describe  three  donors. 

Recipient.  Dog  No  137,  short-haired  mongrel,  weight  seven  kilos. 
Planted  on  March  2.  Tumors  first  appeared  on  April  6  and  continued  to 
grow  steadily.     (See  charts.) 

Donor  No.  i.  Dog  No.  157,  mongrel,  weight  nine  and  one-half  kilos. 
This  animal  had  been  planted  in  the  same  group  with  Dog  No.  137  but 
failed  to  grow  the  tumors  and  was  therefore  supposed  to  be  naturally 
immune. 

Donor  No.  2.  Dog  No.  282,  white  bull-dog,  ten  kilos.  Had  been 
planted  on  January  30,  and  again  April  i ,  with  negative  results  in  each 
case,  and  was  therefore  supposed  to  be  naturally  immune. 

Donor  No.  3.  Dog  No.  274,  setter,  of  seventeen  kilos  body  weight. 
The  animal  was  planted  on  February  4  with  positive  results,  four  tumors 
developing  and  growing  to  a  considerable  size  but  had  later  retrogressed 
and  only  very  small  fragments  were  left  of  the  tumors  at  the  time  of  the 
transfusion. 

Transfusion  No.  i.  May  3,  Dog  No.  137  was  bled  one  hundred  and 
forty  cubic  centimeters  and  received  four  hundred  and  fifty  cubic  centi- 
meters from  Dog  No.  157.  As  a  result  of  the  transfusion  tumors  of  Dog 
No.  137  became  somewhat  softer  but  they  continued  to  grow.  (See 
charts.) 
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Transfusion  No.  2.  Since  May  3  Dog  No.  137  had  lost  one-half  kilo  in 
weight  and  was  in  poorer  physical  condition  generally.  May  21  Dog  No. 
137  was  bled  two  hundred  and  twenty-five  cubic  centimeters  and  received 
four  hundred  and  twenty-five  cubic  centimeters  from  Dog  No.  282.  The 
tumors  continued  to  grow. 

Transfusion  No.  3.  On  June  10.  Dog  No.  137  weighed  one  and  one-half 
kilos  more  than  on  the  date  of  the  last  transfusion  May  21.  The  general 
condition  had  not  improved  with  this  increase  in  weight  and  the  tumors  had 
continued  to  grow.  It  seemed  best  to  do  a  much  larger  transfusion.  On 
the  date  given,  June  10,  Dog  No.  137  was  bled  five  hundred  cubic  centi- 
meters and  given  seven  hundred  and  fifty  cubic  centimeters  from  Dog  No. 
274.  Following  this  transfusion  Dog  No.  1 37  improved  very  markedly  in 
physical  condition  and  the  tumors  began  to  regress.  On  September  24 
the  last  fragment  of  tumor  had  been  absorbed.  This  animal  was  replanted 
with  tumors  August  28,  but  no  growth  resulted. 

Seventh  Experiment.  —  Recipient.  Dog  No.  199,  weight  nine  kilos. 
Planted  on  November  3  with  negative  results.  Planted  a  second  time  on 
December  14.  Growth  of  plants  first  apparent  on  January  17.  On  March 
23,  April  I,  and  April  12  small  pieces  were  removed  to  serve  as  seed  for 
additional  plants  in  other  animals.  On  May  3,  the  date  of  the  first  trans- 
fusion. Dog  No.  199  had  four  tumors  which  had  been  growing  rapidly 
during  the  three  weeks  immediately  preceding.  The  animal  was  in  fair 
condition. 

Donor.  Dog  No.  273,  mongrel  setter,  weight  twelve  kilos.  Planted 
on  February  4.  Growth  on  March  7,  continued  until  April  10;  at  the 
time  of  the  transfusion  two  nodules  about  the  size  of  a  grain  of  wheat 
remained  to  be  absorbed.     Dog  in  good  condition. 

Transfusion  No.  i.  May  3,  Dog  No.  199  was  bled  one  hundred  and  fifty 
cubic  centimeters  and  transfused  with  five  hundred  and  fifty  cubic  centi- 
meters of  blood  from  Dog  No.  273.  Following  the  transfusion  Dog  No. 
199  improved  in  general  condition  and  gained  one  kilo  in  weight  during 
the  following  two  weeks,  but  the  tumors  continued  to  grow. 

Donor  No.  2,  Dog  No.  271,  weight  13.5  kilos.  Was  planted  on 
February  4  with  negative  results  and  again  on  April  i  with  the  result  that 
two  small  tumors  developed.  They  grew  to  the  size  of  a  hazel-nut  but 
were  completely  reabsorbed  on  May  13.     Dog  in  fine  condition. 

Transfusion  No.  2.  May  21,  Dog  No.  199  was  bled  two  hundred  and 
twenty  cubic  centimeters  and  immediately  transfused  with  seven  hundred 
cubic  centimeters  of  blood  from  Dog  No.  271.  Following  the  transftision 
the  tumors  did  not  grow  larger,  but  they  did  not  begin  to  regress  markedly 
until  three  weeks  later,  at  which  time  it  was  evident  that  the  tumors  were 
being  absorbed.  Regression  continued  steadily  until  the  tumors  had  been 
completely  absorbed,  September  19.  Replanted  on  November  2  without 
growth. 

Eighth  Experiment.  —  Recipient.     Dog  No.  244,  fox  terrier,  weight 
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eight  and  one-half  kilos.  This  animal  has  been  referred  to  in  Experiment 
No.  3.  Following  his  use  as  a  donor  in  that  experiment  he  was  replanted 
with  the  tumor  March  23.  Three  of  the  four  plants  gave  growth  on  or  be- 
fore May  13,  and  the  general  condition  of  the  animal  became  progressively 
worse.  When  the  tumors  had  reached  the  size  of  hickory-nuts  they 
were  treated  with  various  bacterial  toxins  by  Dr.  Tracy,  but  the  results 
in  this  case  were  negative  and  it  was  therefore  determined  to  resort  to 
transfusion. 

Donor  No.  i.  Dog  No.  123,  weight,  ten  kilos,  was  planted  with  tumors 
on  December  14.  Visible  growth  appeared  on  January  10,  and  continued 
nicely  until  January  30,  on  which  date  toxin  treatment  was  begun  by  Dr. 
Tracy.  The  treatment  resulted  in  a  complete  cure  of  the  tumors.  On 
May  4  and  again  on  July  11  the  animal  was  replanted  with  tumor  grafts, 
but  no  growth  followed  in  either  case  and  our  conclusion  was  that  the 
animal  must  possess  some  degree  of  immunity. 

Donor  No,  2.  Dog  No.  132,  an  animal  previously  cured  by  transfusion. 
(See  fifth  experiment.) 

Transfusion  No.  i.  July  31,  Dog  No.  244  was  bled  three  hundred  and 
twenty-five  cubic  centimeters  and  immediately  transfused  five  hundred  and 
fifty  cubic  centimeters  of  blood  from  Dog  No.  123.  The  transfusion  did 
not  have  much  effect  upon  the  tumors,  however,  as  they  continued  to  grow 
and  the  animal  grew  worse  in  general  physical  condition. 

Transfusion  No.  2.  August  26,  at  the  time  of  the  second  transfu- 
sion, Dog  No.  224  was  very  cachectic.  He  was  bled  two  hundred  and 
twenty-five  cubic  centimeters  and  transfused  from  Dog  No.  132.  Unfor- 
tunately, through  the  mistake  of  an  assistant,  Dog  No.  132  was  not 
weighed  immediately  before  the  transfusion,  so  that  we  do  not  know 
exactly  how  much  blood  was  taken  from  the  donor  It  was  a  satisfactory 
transfusion,  however. 

In  spite  of  a  marked  hemolysis  following  the  transfusion.  Dog  No.  244 
gained  in  weight,  his  general  physical  condition  improved  somewhat,  and 
the  tumors  soon  began  to  regress.  Although  the  tumors  continued  to 
regress  (see  charts),  his  general  physical  condition  did  not  remain  good. 
He  gradually  grew  cachectic  and  died  October  14.  At  the  autopsy  it  was 
tbund  that  the  axillary,  retroperitoneal  and  mesenteric  lymph  nodes  were 
enlarged.  One  of  the  retroperitoneal  glands  contained  metastatic  tumor 
growth,  the  others  failed  to  show  it. 

Ninth  Experiment.  — /?^r//J/>///.  Dog  No.  444,  mongrel  pointer, 
seven  kilos.  Planted  on  June  11,  tumor  growth  apparent  on  July  12,  and 
the  growth  continued  steadily  until  the  date  of  transfusion. 

Donor,  Dog  No.  435,  weight  nine  kilos.  Planted  on  April  20  with 
positive  results,  three  out  of  four  plants  shqwing  positive  growth,  but  they 
never  grew  to  large  size  and  soon  began  to  regress.  The  process  was 
complete  on  August  8,  and  on  the  date  of  transfusion  the  animal  was  in 
excellent  condition. 

Transfusion.     August  27,  Dog  No.  444  was  bled  three  hundred  and 


Digitized  by 


Google 


398  CRILE  AND  BEEBE. 

thirty-five  cubic  centimeters,  and  received  four  hundred  and  fifty  cubic 
centimeters  of  blood  from  Dog  No.  435.  The  tumors  showed  evidences 
of  regression  in  a  few  days  after  the  operation,  and  the  process  continued 
steadily,  our  chart  showing  complete  absorption  on  September  30.  The 
animal  was  replanted  November  9  and  again  on  September  4  without 
resulting  growth. 

Tenth  Experiment.  —  Recipient.  Dog  No.  406,  mongrel  setter, 
weight  fourteen  kilos.  Planted  March  23.  Growth  visible  on  April  18, 
and  by  May  20  four  tumors  had  developed  and  were  growing  nicely. 

Donor  No.  i .  The  same  animal  which  was  used  in  the  fourth  experi- 
ment. He  had  lost  three  kilos  in  weight  during  the  three  weeks  since  his 
previous  operation,  and  was  in  much  poorer  physical  condition. 

Donor  No.  2.  Dog  No.  269,  a  large  healthy  animal  weighing  20  kilos. 
Tumors  had  been  planted  in  this  animal  January  18 ;  the  first  growth 
appeared  February  6  and  continued  very  slowly  until  April  12.  Regres- 
sion began  at  the  later  date  and  continued  very  slowly  to  a  complete 
absorption. 

Transfusion  No.  i.  June  10,  Dog  No.  406  was  bled  five  hundred  and 
fifty  cubic  centimeters  and  transfused  with  one  thousand  two  hundred 
and  fifty  cubic  centimeters  from  donor  No.  i.  The  tumors  did  not 
regress  as  a  result  of  this  transfusion,  nor  did  the  general  condition 
improve. 

Transfusion  No.  2.  July  15,  Dog  No.  406  was  bled  seven  hundred 
cubic  centimeters  and  received  eight  hundred  cubic  centimeters  from  the 
donor.  Dog  No.  269.  Following  this  transfusion,  the  tumors  began  to 
regress  immediately,  and  the  general  condition  of  the  dog  improved.  The 
absorption  of  the  tumors  was  complete  on  August  17. 
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From  the  summary  we  see  that  of  the  ten  animals  which 
were  treated  by  this  method  of  transfusion,  seven  were  com- 
pletely cured,  in  two  of  the  remaining  there  was  very  marked 
effect  from  the  transfusion,  and  only  one  died  without  show- 
ing any  regression  as  a  result  of  the  exchange  of  blood.  In 
this  latter  case  there  is  more  than  a  reasonable  doubt  regard- 
ing the  immune  condition  of  the  donor,  since  the  implanta- 
tion of  tumor  grafts  following  the  transfusion  resulted  in 
positive  growth  and  subsequent  development  of  large  tumors. 

Having  determined  the  fact  that  a  large  transfusion  of 
blood  from  an  immune  animal  to  an  animal  with  growing 
tumors  is  followed  by  their  regression  and  complete  absorp- 
tion the  questions  at  once  arise : 

1.  By  what  mechanism  is  the  result  accomplished? 

2.  What  is  the  value  of  different  sorts  of  blood  in  this 

reaction  ? 

3.  What  conditions  of  transfusion  are  best  suited  to  give 

a  favorable  outcome? 

We  must  say  frankly  that  we  do  not  know  how  the  blood 
has  caused  the  results  noted.  It  is  possible  to  maintain 
various  arguments  on  this  point,  but  it  is  our  purpose  in  this 
paper  to  put  the  facts  on  record  rather  than  to  theorize  on 
the  various  possibilities  in  tumor  immunity.  We  shall,  how- 
ever, call  attention  to  a  few  obvious  relations  which  our  work 
has  to  that  of  other  investigators.  Those  who  believe  in 
atreptic  immunity  as  outlined  by  Ehrlich  will  be  inclined  to 
argue  that  by  the  exchange  of  blood  we  have  deprived  the 
tumor  of  its  specific  food-stuff,  and  so  it  has  merely  died  of 
inanition.  Such  a  conclusion  implies  that  the  blood  has 
negative  action  only,  and  that  immunity  is  established  by  the 
exhaustion  of  specific  food-stuff.  The  objections  to  the 
acceptance  of  such  a  hypothesis  will  become  apparent  as  we 
proceed. 

The  histological  picture  of  the  regressing  tumors  is  nearly 
the  same  as  that  of  tumors  regressing  spontaneously,  but 
in  a  few  cases  active  degenerations  were  found  in  tumors 
regressing   after  transfusion  which    have  no   analogy  in  the 


Digitized  by 


Google 


402  CRILE   AND   BEEBE. 

spontaneously  regressing  tumors  that  we  have  studied.  There 
is  practically  no  evidence  that  the  blood  acts  directly  as  a 
lysin,  certainly  not  a  lysin  of  a  high  degree  of  activity.  The 
action  is  spread  over  so  long  a  time  that  highly  active  agents 
are  practically  ruled  out.  Until  we  know  more  of  the  nature 
of  immunity  to  tumors  we  can  only  say  that  these  experi- 
ments indicate  that  the  blood  of  the  immune  dog  contains 
some  expression  of  this  immunity  of  sufficient  potency  to 
influence  the  course  of  tumor  growth  exposed  to  its  action ; 
perhaps  by  stimulating  the  general  nutritive  processes,  for 
we  see  improvement  in  general  physical  condition  following 
transfusion.  We  know,  too,  that  the  blood  of  the  tumor 
animal  is  hemolytic  and  perhaps  generally  toxic,  so  that 
the  removal  of  such  an  injurious  circulating  medium  and  its' 
replacement  by  the  blood  of  a  vigorous  animal  may  possibly 
stimulate  the  latent  defence  of  the  tumor  subject. 

On  the  basis  of  so  few  experiments,  we  cannot  decide  pos- 
itively the  relative  value  of  blood  from  normal  animals  as 
compared  with  that  of  spontaneously  recovered  animals. 
Our  impression  is  that  the  blood  from  the  recovered  animal 
is  somewhat  better  than  the  normal  blood,  but  the  quantity 
of  the  transfusion  as  well  as  its  quality  are  of  value  in  deter- 
mining the  outcome. 

In  this  connection  we  call  attention  to  Experiments  IV. 
and  X.  The  same  donor  was  used  for  the  first  transfusion 
in  each  case.  At  the  time  the  transfusion  in  Experiment 
IV.  was  done  the  animal  was  in  a  strong,  healthy  condition. 
The  transfusion  in  this  instance  was  followed  by  complete 
absorption  of  the  recipient's  tumors.  The  donor  lost  weight 
and  his  general  physical  condition  became  progressively 
worse  in  the  interval  between  Experiment  IV.  and  Experi- 
ment X.  The  operative  procedure  in  Experiment  X.  was 
successful  in  every  way,  a  large  volume  of  blood  being  trans- 
ferred, but  no  effect  was  produced  upon  the  tumors.  It 
seems  probable  that  the  loss  of  blood  in  the  first  transfusion, 
together  with  the  generally  unfavorable  physical  condition 
at  the  time  of  the  second  experiment,  left  him  in  a  poorer 
condition  as  regards  tumor  immunity.    The  second  transfusion 
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of  Experiment  X.,  although  of  smaller  volume,  came  from 
a  spontaneously  recovered  dog  in  good  condition,  and  it 
was  completely  successful  in  causing  an  absorption  of  the 
tumors.  If  the  favorable  result  is  due  to  the  negative  action 
of  removing  specific  food-stuff  it  would  seem  that  the  first 
transfusion  should  have  been  successful,  since  it  gave  a  more 
complete  exchange  of  blood  than  the  second.  Evidently 
some  difference  in  the  quality  of  the  two  bloods  was  respon- 
sible for  the  regression  in  one  case  and  not  in  the  other. 
Further  evidence  of  this  fact  is  afforded  by  Experiment  VIII. 
in  which  both  donors  had  been  cured  of  tumors  and  could 
not  be  replanted.  The  first  transfusion  frdm  an  animal 
cured  by  toxins  was  entirely  unsuccessful,  while  the  second 
from  a  previous  transfusion  recovery  was  followed  by  a  nearly 
complete  regression  of  the  growths. 

In  Experiment  III.  we  found  that  a  spontaneously  recov- 
ered animal  did  not  give  a  satisfactory  blood,  for  the  tumors 
of  the  recipient  continued  to  grow.  In  this  case,  however,  we 
found  that  subsequent  planting  of  the  donor  gave  positive 
tumor  growth,  a  condition  which  was  not  found  in  the  other 
spontaneously  recovered  animals  of  our  experiments. 

In  Experiments  VI.  and  VII.  we  have  evidence  that  the 
quantity  of  the  transfusion  is  of  some  importance.  In 
Experiment  VI.  the  first  two  transfusions  from  naturally 
immune  donors  produced  no  effect  on  the  tumors,  while  the 
first  from  a  spontaneously  recovered  animal  gave  a  much 
more  complete  exchange  of  blood  and  caused  an  absorption 
of  the  growths.  We  have  no  method  for  measuring  the 
relative  degrees  of  immunity  possessed  by  the  three  donors 
further  than  the  fact  that  all  three  would  not  grow  the  tumor, 
and  it  may  be  that  the  favorable  outcome  in  the  *final  trans- 
fusion was  due  to  its  quantitative  aspects.  If  we  consider  that 
the  recipient's  total  blood  supply  was  twelve  per  cent  of  his 
body  weight  he  had  eight  hundred  and  forty  cubic  centi- 
meters circulating  blood.  In  the  first  two  transfusions  an 
average  of  one  hundred  and  eighty  cubic  centimeters  of 
blood  were  removed  and  four  hundred  and  thirty-seven 
added,  so  that  the  final  volume  of  blood  was  one  thousand 
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ninety-seven  cubic  centimeters,  of  which  forty  per  cent 
came  from  the  donor.  In  the  third  transfusion  five  hundred 
cubic  centimeters  were  removed  and  seven  hundred  and 
fifty  cubic  centimeters  added,  giving  a  final  blood  volume 
of  one  thousand  ninety,  of  which  sixty-six  per  cent  came 
from  the  donor.  Following  the  same  method  of  calculation 
we  find  that  in  Experiment  VII.  the  first  transfusion  which 
was  unsuccessful  was  only  thirty-seven  per  cent,  while  the 
successful  transfusion  was  forty-five  per  cent. 

It  appears,  then,  that  immunity  may  have  two  factors: 

First,  a  common  factor  possessed  to  some  extent  by  any 
strong,  healthy,  vigorous  animal,  in  some  cases  of  sufficient 
activity  to  prevent  successful  inoculation  with  tumors. 

Second,  a  specific  factor  which  is  developed  by  the  growth 
and  regression  of  tumors.  What  qualitative  relation  these 
two  factors  have  to  one  another  we  cannot  say  on  the  basis 
of  our  present  knowledge.  Although  immunity  to  tumors  does 
not  seem  to  be  analogous  to  bacterial  immunity,  nevertheless 
these  results  indicate  that  it  is  to  some  extent  a  blood  condi- 
tion which  may  be  transferred  to  another  animal  rendering 
him  passively  immune. 

In  regard  to  the  conditions  of  transfusion  which  favor  the 
regression  of  the  tumors  it  is  our  opinion  that  the  donor 
should  be  a  strong  healthy  animal,  immune  to  the  tumor, 
and  that  a  large  replacement  of  the  recipient's  blood  should 
be  made  giving  him  from  twenty  five  to  fifty  per  cent  more 
blood  than  is  removed.  Such  a  conclusion  has  its  foundation 
in  our  experimental  results  and  is  what  might  be  theoretically 
expected. 

The  possibilities  for  the  treatment  of  human  tumors 
remain  to*be  determined 

[Our  thanks  are  due  to  the  members  of  the  laboratory  staff  who  kindly 
assisted  in  the  operations.] 
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Experiment  I.  —  April  8,  1907. 


Experiment  I. — Tumors  on  date  of  transfu- 
sion, March  20,  1907. 


Experiment  I.  —  April  26,  1907. 
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Experiment  II.  — Tumors  on  date  of  transfusion, 
March  20,  1907. 


Experiment  II.  —  Second  transfusion  because 
of  growth  on  the  back,  April  18,  1907. 
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Experiment  II.  —  May  18,  1907. 


Experiment  II.  — July  6,  1907. 
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Experiment  IV.,  A.  —  Tumors  on  date  of 
transfusion,  April  22,  1907. 


Experiment  IV.,  A.  —  May  24,  1907. 


•3r 


i^ 


Experiment  IV.,  A.  —  June  25,  1907.  Two 
very  small  tumors  were  removed  on  this  date 
for  histological  study. 
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Experiment  VI. —  Tumors 
on  date  of  first  transfusion, 
Majr  3,  1907. 
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Experiment  VI.— Tumors 
on  date  of  second  transfu- 
sion, May  21,  1907. 
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Experiment  VI.  —  Tumors  on 
date  of  the  third  transfusion,  June 
10,  1907. 


Experiment  VI. — July  2,  1907. 
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Experiment  VI. — July  27, 
1907.  The  small  tumor  on 
the  left  had  been  removed  for 
histological  study. 
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Experiment  VII.  —  Tu- 
mors on  the  date  of  first 
transfusion,  May  3,  1907. 
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Experiment  VII.  —  Tumors 
on  date  of  the  second  transfu- 
sion, May  24,  1907. 
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Experiment  VII.— July  i, 
1907. 
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Experiment  VII.  —  Aug.  8, 
1907. 
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Experiment  VIII.  —  Size  of  tumors 
on  June  3,  1907. 


.•'^\ 


M^V 


f 


/ 


Experiment  VIII.  —  Tumors  on  date 
of  first  transfusion,  July  31,  1907. 
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Experiment  VIII.  —  Tumors  on  date 
of  second  transfusion,  Aug.  26.  1907. 


Experiment  VIII.  —Oct.  9,  1907. 
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THE   HEMOLYTIC   REACTIONS   OF   THE   BLOOD   IN   DOGS 

AFFECTED  WITH  TRANSPLANTABLE 

LYMPHOSARCOMA.* 

RICHARD  WEIL,  M.D. 

^'EW  YORK  CITY. 

During  the  course  of  the  present  year  I  reported  a  series  of  experi- 
ments* on  the  hemolytic  properties  of  extracts  from  organs  and  from 
tumors  of  dogs.  I  showed  at  that  time  that  two  sorts  of  hemolytic  sub- 
stances could  be  extracted  from  tumors.  One  of  these,  which  was  present 
in  undegenerated  tumors,  was  thermolabile,  and  hemolytic  only  when 
activated  by  a  substance  extracted  from  the  red  blood  cells.  This  first 
substance  is  comparable  to  a  similar  hemolytic  amboceptor  present  in 
certain  normal  organs,  e.  g.,  kidney.  At  about  the  same  time  and  inde- 
pendently it  was  shown  by  Friedmann^  that  a  hemolytic  substance  could 
be  extracted  from  the  pancreas,  which  destroys  the  red  blood  cells  of  the 
same  species,  when  complemented  by  some  substance  (probably  of  the 
lecithin  group)  present  in  the  serum  of  certain  other  species.  The  second 
type  of  hemolysin  is  present  only  in  necrotic  tumors ;  it  acts  as  a  simple 
hemolysin,  needing  no  complement.  I  ventured  to  suggest  in  my  first 
paper  that  it  is  the  second  group  of  substances  which  probably  passes 
into  the  blood,  thus  contributing  to  the  anemia  and  the  cachexia  of 
malignant  tumors. 

Since  that  time  I  have  had  the  opportunity,  thanks  to  the  kindness 
of  Dr.  S.  P.  Beebe,  of  prosecuting  this  investigation  along  somewhat 
different  lines.  I  have  had  at  my  disposal  dogs  inoculated  with  the 
same  strain  of  tumor  previously  studied,  in  every  stage  of  its  growth.  In 
some  the  tumors  were  actively  growing,  in  others  they  were  regressing, 
while  still  others  were  overcoming  their  tumors  as  the  result  of  a  passive 
immunity  conferred  by  transfusion.  Some  of  the  dogs  were  in  good 
condition;  others  were  cachectic  to  the  last  degree.  At  the  same  time  I 
have  had  a  large  number  of  dogs  not  affected  with  these  tumors,  for 
comparison ;  some  of  the  latter  have  been  healthy,  some  cachectic. 

It  was  the  object  of  the  present  research  to  study  the  serum  of  dogs 
which  had  been  inoculated  with  tumors,  and  to  determine  whether  it 
possessed  any  of  the  hemolytic  power  characteristic  of  extracts  made 

•  From  the  Huntington  Fund  for  Cancer  Research  of  the  General  Memorial 
Hospital.  Laboratory  work  done  at  the  Loomis  Laboratory. 

1.  Jour.  Med.  Research,  Boston,  1907,  xvi,  287. 

2.  Deutsche  med.  Wochschr.,  Leipzig  u.  VVien,  1907,  xxxiii,  585. 
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from  the  tumors  themselves.  In  withdrawing  blood  from  these  animals 
and  separating  it  into  serum  and  corpuscles  for  further  study,  the  fol- 
lowing observation  was  made :  It  was  generally  found  that  the  serum  ob- 
tained from  animals  with  tumors  was  stained  with  hemoglobin,  whereas 
that  obtained  from  animals  not  having  tumors  was  of  the  normal  straw 
color.  In  other  words,  during  the  process  of  separating  out  in  the  icebox, 
the  serum  of  tumor  animals  had  destroyed  a  suflBcient  number  of  its  own 
corpuscles  to  give  it  the  characteristic  tinge  of  hemoglobin.  At  the 
same  time,  emulsions  of  corpuscles  from  the  same  animals  in  salt  solu- 
tion remained  unchanged,  demonstrating  that  the  hemolysis  was  due  not 
to  the  lowered  vitality  of  the  corpuscles,  but  to  the  hemolytic  quality  in 
the  serum. 

The  next  step  was  to  determine  the  effects  of  definite  amounts  of 
serum  both  of  normal  and  of  tumor  dogs  on  their  own  and  on  other 
corpuscles.  For  this  purpose,  twenty-five  dogs  in  all  were  selected,  of. 
which  eleven  had  tumors  and  fourteen  had  no  tumor  history.  All  of 
these  dogs  were  treated  in  the  same  fashion.  The  femoral  artery  was 
laid  bare  under  morphin  anesthesia,  and  from  twenty  to  thii-ty  cubic 
centimeters  of  'blood  was  obtained  from  it.  The  major  portion  of  the 
blood  was  allowed  to  coagulate  for  the  purpose  of  obtaining  serum,  while 
the  rest  of  it  was  shaken  up  with  glass  beads,  centrifuged,  and  made 
up  into  a  1  or  2  per  cent,  suspension  in  normal  salt.  The  sera,  and 
the  corpuscles  thus  obtained  on  one  day  from  a  large  number  of  doge, 
were  tested  on  one  another  on  the  following  day.  One  cubic  centimeter 
of  serum  was  always  added  to  an  equal  quantity  of  red  cell  emulsion, 
incubated  for  a  few  hours  and  transferred  to  the  icebox,  where  it  was 
allowed  to  remain  over  night;  the  results  were  noted  the  following  morn- 
ing. In  this  manner,  226  separate  serum-corpuscle  combinations  were 
examined. 

A  record  of  one  of  the  experiments  will  indicate  better  than  any 
amount  of  description  the  type  of  result  which  was  regularly  obtained. 
The  description  of  the  dogs  made  use  of  in  the  experiment,  and  indi- 
cated by  numbers  in  the  table,  is  as  follows : 

Dog  455. — Four  tumors  growing  slowly  for  six  weeks.    Condition  good. 

Dog  509. — Four  tumors  growing  for  two  weeks  very  rapidly.    Thin. 

Dog  460. — Spontaneous  recovery  from  tumors,  which  were  three  in  number, 
and  were  very  rapidly  absorbed  six  weeks  before  the  experiment.  Very  cachectic 
animal. 

Dog  244. — ^Tumor  almost  completely  absorbed,  owing  to  repeated  transfusions. 
Dog  very  cachectic. 

Dog  458. — -Spontaneous  recovery  from  tumors.    In  fine  condition. 

Dogs  516,  517  and  518. — Normal. 

Dog  520. — Cachectic.    No  tumor  historj'. 
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The  following  table  shows  the  comparative  hemolytic  effects  of  serum 
from  normal  and  tumor  dogs  on  corpuscles.  One  c.c.  of  serum  from 
each  animal  was  mixed  with  1  c.c.  of  corpuscles  of  each  animal,  in  emul- 
sion.   The  record  of  each  serum  reads  along  the  horizontal  line. 

CORPUSCLES. 


1-455 

2-509 

3-458 

4-517 

5-518 

6i^l6 

7-520 

Serum     1  455 

+ 

+ 

+ 

V.  si. 
si. 

-H- 
+++ 

V.  si. 
si. 

-f+ 

+++ 

si. 

V.  si. 
si. 

H-+ 

V.  si. 

Serum    11-509 

Serum  IIM60. 

Serum   IV-244 

si. 

-|-+-h 

Serum    V-458 

V.   si. 

sl. 

Serum   VI-518 

Serum  VII-520 

Note  :  —  denotes  negative  reaction ;  v.  si.  denotes  very  slight  reaction ;  si.  denotes  slight 
reaction ;  -f  denotes  moderate  reaction ;  -h4-  denotes  strong  reaction ;  +-H-  denotes  complete 
reaction. 

If  the  table  be  interpreted  in  the  light  of  the  preceding  data,  the 
following  conclusions  may  be  drawn  from  it: 

1.  The  serum  of  all  the  tumor  dogs  is  distinctly  more  hemolytic  than 
is  the  serum  of  non-tumor  dogs.  Of  the  tumor  animals,  the  two  cachectic 
examples  (460  and  244)  are  more  actively  hemolytic  than  are  the  other 
three. 

2.  There  is  a  distinct  difference  in  the  resistance  of  the  various  cor- 
puscles to  the  destructive  activity  of  the  sera.  The  corpuscles  of  the 
tumor  animals  are  always  more  refractory  than  are  the  normal;  they 
break  down  less  rapidly  and  less  completely. 

These  two  phenomena,  the  hemolytic  activity  of  the  sera. and  the 
resistance  of  the  corpuscles  of  tumor  animals  as  compared  with  other 
dogs,  dominate  the  entire  series  of  experiments. 

The  cause  of  this  difference  has  seemed  to  me  to  be  a  matter  of  some 
importance.  It  might  conceivably  be  due  to  a  difference  in  the  tonicity 
or  content  in  electrolytes  of  the  serum,  resulting  in  some  obscure  man- 
ner from  the  growth  of  the  tumor.  In  order  to  determine  this  matter, 
each  set  of  corpuscles  was  in  every  experiment  subjected  to  the  action, 
not  only  of  a  normal  salt  solution,  but  also  to  oiie  of  a  0.4  per  cent, 
and  one  of  a  1.6  per  cent,  strength.  It  would  seem  that  the  degree  of 
anisotohicity  represented  by  these  solutions  must  far  exceed  that  of 
any  serum  obtained  from  a  living  animal.  Nevertheless,  the  activity 
of  the  resulting  hemolysis  was  in  no  way  comparable  to  that  produced 
by  the  sera.     The -general  condition  of  the  animals  can  not  be  held 
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responsible,  inasmuch  as  some  of  the  controls  were  much  more  emaciated 
and  cachectic  than  some  of  the  tumor  dogs.  The  hemolytic  power  of 
the  serum  resides,  therefore,  in  some  other  factor,  at  present  undeter- 
mined— possibly  the  same  toxins  as  were  extracted  from  the  tumors  in 
the  experiments  which  I  previously  reported. 

The  apparent  coincidence  of  poor  general  condition  and  marked 
hemolytic  activity  is  quite  striking,  and  might  at  first  sight  impose  as  a 
^'propter  hoc."  It  has,  however,  been  pointed  out  that  dogs  in  worse 
general  condition,  but  without  tumors,  show  less  activity  in  hemolysis. 
.On  the  other  hand,  it  is  perfectly  justifiable  to  interpret  the  ^^poor  con- 
dition" as  a  resultant  of  the  toxic  character  of  the  circulating  serum, 
which  manifests  itself  in  the  test  tube  by  hemolysing  the  contained  red 
cells.  Two  exceptions  occurred  to  the  general  rules  above  described. 
Dog  125,  whose  tumors  had  regressed  owing  to  three  successive  trans- 
fusions, in  good  condition,  possessed  a  serum  of  slight  hemolytic  power 
and  corpuscles  of  slight  resistance.  Whether  this  was  due  to  the  pre- 
dominance of  normal  blood  in  his  vessels,  I  leave  undecided.  The  second 
case.  Dog  638,  normal,  has  a  markedly  hemolytic  serum,  but  non-resist- 
ant corpuscles.  This  dog  had  proved  naturally  immune  to  a  sarcoma 
implantation.  It  may  also  seem  contradictory  that  dogs  which  had 
recovered  from  their  tumors,  either  spontaneously  or  as  the  result  of 
transfusion,  should  still  retain  the  hemolytic  character  of  their  serum 
to  an  excessive  degree.  The  fact  is,  however,  in  accord  with  what  is 
known  of  the  clinical  absorption  of  tumors.  If,  owing  to  an  excessive 
use  of  or-rays  or  the  mixed  toxins,  a  tumor  breaks  dowTi  too  rapidly,  its 
absorption  may  lead  to  extreme  intoxication  of  the  organism,  and  even 
to  death.  Thus  the  disappearance  of  the  tumor  goes  hand  in  hand 
with  the  circulation  of  the  toxic  products  which  have  been  absorbed. 
How  long  an  animal  may  retain  these  products  in  his  circulation  is  still 
to  be  determined. 

The  bearing  of  these  experiments  on  the  problem  of  the  anemia 
accompanying  malignant  new  growths  is  manifest.  They  demonstrate 
that  the  growth  of  tumors  causes  the  development  of  toxic  qualities  in 
the  blood  serum,  the  exact  nature  of  which  has  not  been  determined.  It 
is  suspected,  however,  to  be  due  to  the  absorption  of  hemolytic  subr 
stances  previously  demonstrated  in  the  tumors  themselves. 

The  bearing  of  these  experiments  on  the  practice  of  transfusion  in 
curing  the  tumors  of  animals,  or  of  men,  is  important.  As  is  well 
known,  the  operation  has  been  performed  a  number  of  times  in  dogs  with 
some  success.  It  is  quite  evident,  however,  that  to  mix  the  blood  of  dogs, 
either  of  which  is  hemolytic  for  the  other,  would  entail  the  destruction 
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of  a  very  considerable  number  of  corpuscles,  and  so  would,  in  part, 
defeat  the  very  object  of  the  transfusion.  There  can  be  no  question  that 
the  test-tube  reactions  may  be  taken  as  a  very  good  indicator  of  what 
would  happen  were  the  same  bloods  to  be  mixed  in  vivo  by  transfusion. 
Of  this  fact  we  have  had  indubitable  evidence  in  the  hemolysis  resulting 
after  transfusing  the  blood  of  one  dog  into  the  vessels  of  another  whose 
serum  had  been  shown  to  destroy  the  corpuscles  of  the  former  in  test- 
tube  experiments.  (These  experiments  have  not  yet  been  published.) 
It  is  clear,  therefore,  that  every  transfusion  should  be  logically  preceded 
by  test-tube  reactions,  and  that  only  those  animals  should  eventually 
be  selected  whose  serum  and  corpuscles  are  mutually  tolerant. 

.  On  the  bearing  of  the  experiments  on  the  subject  of  human  disease  I 
must,  for  the  present,  forbear  to  enter.  A  considerable  number  of  ob- 
servations already  completed  go  far  to  indicate  that  the  results  in  dogs 
illustrate  conditions  which  have  a  parallel  in  the  blood  of  human  cancer, 
cases.  On  this  important  point,  however,  much  information  must  be 
collected  before  final  conclusions  can  be  drawn. 

My  thanks  are  due  to  Dr.  Beebe  for  his  constant  encouragement  and 
help  during  the  course  of  this  research. 
163  Eighty-sixth  Street. 


Reprinted  from  The  Archivps  of  Internal  Medicine,  January,  1908. 
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THE   HEMOLYTIC    REACTIONS   IN   CASES  OF  HUMAN  CANCER.* 

Richard  Weil,  M.D. 
{From  the  Loomis  Laboratory^  Department  of  Experimental  Pathology,  Cornell 
University f  New    York,   and  the  Pathological  Laboratory  of  the    German 
Hospital,  New  York,) 

It  is  the  purpose  of  the  present  paper  to  give  a  brief  sur- 
vey of  work  done  during  the  last  twelve  months  on  the 
subject  of  hemolysis  in  cases  of  human  cancer.  In  a  previous 
paper,  on  the  hemolytic  reactions  of  the  serum  in  dogs 
affected  with  lymphosarcoma,^  it  was  shown  that  there  were 
certain  characteristic  features  distinguishing  the  serum  and 
the  corpuscles  of  such  animals  from  healthy  individuals  of  the 
same  species.  The  extension  of  the  research  to  the  human 
subject  was  a  natural  corollary,  and  has  occupied  the  attention 
of  the  writer  more  or  less  constantly  for  the  past  year. 

The  history  of  the  problem  is  of  considerable  interest. 
The  attempt  to  discover  in  the  blood  a  reaction  characteristic 
of  the  existence  of  malignant  new  growths  is  by  no  means 
new.  Every  fresh  method  of  hematological  research  which 
has  been  developed  in  the  laboratory  has  in  turn  been  made 
subservient  to  this  object.  The  staining  methods  of  Ehrlich 
gave  rise  to  a  considerable  literature,  now  largely  forgotten, 
the  aim  of  which  was  to  demonstrate  certain  morphological 
characters  of  the  blood  cells,  supposed  to  be  pathognomonic 
of  the  presence  of  malignant  tumors.  At  the  present  time  it 
is  generally  admitted  that  this  attempt  has  failed.  This 
phase  was  succeeded  by  the  study  of  the  resistance  of  the 
red  cells  in  various  pathological  conditions  to  anisotonic 
solutions  of  salts.  As  a  result  of  these  researches  it  Jias 
become  established  that  the  resistance  of  the  red  cells  of 
human  beings  varies  considerably,^'  ^  and  that  it  is  as  a  rule 
increased  in  far  advanced  cases  of  malignant  disease.^^  The 
clinical  applicability  of  this  finding  is  unfortunately  very 
slight.     With  the  advent  of  the  modern  methods  of  studying 


*  Received  for  publication  July  lo,  1908. 
(aSi) 


Digitized  by 


Google 


282  WEIL. 

the  agglutinating  and  the  lytic  effects  of  serum  on  corpuscles, 
a  literature  of  no  small  volume  has  accumulated  as  the  result 
of  the  application  of  these  methods  to  human  pathology.  A 
number  of  observers  asserted  that  the  serum  in  certain  dis- 
eases, including  cancer  (Ascoli,*  Griinbaum,'^  and  others), 
was  capable  of  agglutinating  the  corpuscles  of  normal  indi- 
viduals, while  the  corpuscles  of  another  individual  with  the 
same  disease  were  immune  to  this  action.  This  is  the  phe- 
nomenon of  so-called  isoagglutination.  The  Italian  observers 
claimed  that  this  biological  reaction  was  a  safe  diagnostic 
criterion  of  malaria.^  The  careful  researches  of  Land- 
steiner,***  ^^  since  verified  by  Donath,^  Gay,^  and  many  others, 
threw  grave  doubts  on  all  these  results  by  proving  definitely 
that  there  was  a  certain  series  of  formulae,  three  in  number, 
to  which  the  agglutinating  powers  of  all  human  sera  — 
normal  and  pathological  —  could  be  shown  to  conform,  and 
that  there  was  nothing  in  any  manner  characteristic  of  the 
reaction  in  any  form  of  disease. 

Partly  contemporaneous  with  this  work  on  agglutination, 
but  mostly  later,  came  a  number  of  researches  which  dealt 
with  the  lytic  power  of  human  serum  on  the  red  cells  of  the 
blood.  This  work,  as  bearing  more  directly  on  the  subject 
matter  of  this  paper,  demands  special  attention.  Certain  ob- 
servers studied  the  action  of  serum  in  various  diseases  on  the 
corpuscles  of  alien  species.  One  of  the  most  noteworthy  of 
these  researches,  unfortunately  cut  short  by  his  early  death, 
came  from  J.  M.  Polk,^  who  succeeded  in  clearing  up  a  great 
many  of  the  baffling  intricacies  of  the  technic.  Kelling^^ 
tested  the  serum  of  human  cancer  cases  upon  the  corpuscles 
of  sheep,  cows,  and  chickens,  and  found  that  in  forty-three 
per  cent  of  the  cases  its  hemolytic  power  greatly  exceeded 
that  of  normal  human  serum.  His  theory  of  the  specificity 
of  this  reaction  in  cases  of  cancer  was  attacked  by  v.  Dungern,® 
and  recently  by  Fischel.^^  The  latter  author  has,  within  the 
current  year,  tested  the  sera  in  a  variety  of  human  diseases 
upon  the  red  cells  of  chickens.  He  finds  that  in  about  fifty 
per  cent  of  the  cases  of  malignant  tumors  the  blood  has  a 
markedly  increased  hemolytic  power  as  compared  with  the 
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normal.  On  the  other  hand,  he  finds  the  same  reaction  to  be 
present  in  some  cases  of  diabetes,  pernicious  anemia,  chronic 
endocarditis,  and  tuberculosis.  It  is,  therefore,  not  specific  in 
tumors.  It  is  an  interesting  fact,  as  is  pointed  out  by  Fischel, 
that  his  observations  are  in  perfect  accord  with  those  which 
I  reported  to  the  American  Association  for  Cancer  Research 
in  1907,*^  although  in  his  experiments  the  human  serum  was 
tested  against  alien  corpuscles,  and  in  mine  against  human 
red  cells. 

Recently  the  tendency  has  been  rather  to  study  the  lytic 
effect  of  human  serum  on  the  corpuscles  of  other  human 
individuals.  Ascoli,*  in  1901,  published  the  results  of  such 
a  study  in  one  hundred  and  fourteen  human  individuals,  of 
whom  seventeen  were  normal,  ninety-seven  diseased.  He 
found  that  the  normal  sera  were,  as  a  rule,  not  hemolytic  at 
all,  or  at  most  only  slightly  so. 

He  found  no  hemolysis  in  five  cases  of  chlorosis,  two  cases  of  anchylo- 
stomiasis,  one  of  liver  abscess,  three  of  acute  rheumatism,  three  of  exu- 
dative pleurisy,  two  cases  of  plumbism,  one  of  acute  Bright's,  two  of  chronic 
Bright^s,  and  a  large  number  of  cases  of  bronchitis  and  of  gastritis.  On 
the  other  hand,  he  found  that  hemolysis  was  pronounced  in  two  cases  of 
gastric  cancer,  one  of  pneumococcemia,  and  in  a  large  number  of  cases 
of  tuberculosis,  and  of  pneumonia.  Kreibich"  (1902)  found  that  the 
serum  had  no  hemolytic  power  in  six  cases  of  pemphigus,  ten  of  erysipe- 
las, five  of  lues,  three  burns,  one  purpura,  and  one  staphylococcemia. 
Eisenberg  *^  found  that  of  fifteen  cases  of  typhoid,  ten  had  hemolytic  sera ; 
of  eight  cases  of  scarlatina,  seven  hemolyzed ;  and  of  eight  syphilitic  sub- 
jects, five  hemolyzed. 

The  net  result  of  these  and  of  some  other  less  extensive 
researches  was  to  demonstrate  that  human  serum  in  various 
diseases  is  occasionally  hemolytic  towards  the  corpuscles  of 
other  human  individuals.  The  mechanism  of  this  hemolytic 
action  of  serum  was  beautifully  illustrated  by  the  researches 
of  Landsteiner  and  Donath^  on  cases  of  paroxysmal  hemo- 
globinuria. At  the  same  time,  it  was  clear  that  this  hemo- 
lytic phenomenon,  interesting  and  striking  as  it  was,  could 
not  be  considered  of  diagnostic  value,  inasmuch  as  it  was 
present  in  so  many  and  such  varied  conditions  of  disease. 
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In  1907  I  described  a  new  method  of  studying  hemolysis 
in  disease,  based  not  only  on  the  reaction  of  the  serum,  but 
also  on  the  degree  of  resistance  of  the  corpuscles  to  that 
serum.  It  is  of  importance  for  the  understanding  of  that 
method  and  of  the  results  which  it  has  yielded,  not  only  in 
my  hands,  but  in  the  hands  of  other  investigators,  to  describe 
in  some  detail  the  work  which  has  led  up  to  it.  The  mate- 
rial on  which  the  earlier  work  was  based  consisted  of  a  large 
number  of  dogs  affected  with  the  type  of  tumor  known  as 
infectious  lymphosarcoma,  which  were  put  at  my  disposal 
by  S.  P.  Beebe.  The  character  of  these  tumors  and  their 
mode  of  growth  have  been  fully  described  by  Beebe  and 
Ewing.  ^  The  first  step  in  the  study  was  to  investigate  the 
action  of  these  tumors,  when  removed  from  the  body  and 
extracted  in  salt  solution,  on  the  red  cells  of  the  dog.  The 
same  method  had  been  previously  employed  by  a  number 
of  observers  in  the  study  of  human  tumors,  but  necessarily 
under  far  less  satisfactory  conditions.  As  a  result  of  a  large 
number  of  experiments,'^'  ^  it  became  clear  that  the  tumors 
of  dogs,  as  well  as  most  of  their  normal  organs,  when 
freshly  extracted,  possess  the  power  of  destroying  to  a  very 
slight  extent  the  corpuscles  of  other  dogs,  and  that  this 
power  can  be  slightly  enhanced  by  adding  to  the  tissue 
extract  an  extract  of  red  blood  cells.  The  latter  phenome- 
non has  been  described  by  Sachs  *^  in  the  case  of  hemolysis 
by  cobra  venom,  the  red  cell  constituent  of  the  reaction, 
which  in  my  paper  was  called  '*  red-blood-cell-derivative,"  or 
R.  B.  C.  D.,  being  designated  by  him  as  endo-complement. 
Far  more  striking,  however,  was  the  effect  of  necrosed  or 
broken  down  portions  of  these  same  tumors  upon  the  red 
cells ;  under  these  conditions  the  red  cells  were  rapidly  de- 
prived of  their  coloring  matter  and  even  completely  destroyed. 
On  the  theory  that  this  result  might  be  due  to  the  presence 
of  autolytic  products  in  these  broken  down  tumors,  organs 
of  the  dog  were  autolyzed  antiseptically  outside  of  the  body, 
and  a  number  of  intra  vitam  necroses  were  produced  by 
tying  off  the  vessels  of  the  kidney.  It  was  found  that  these 
autolyzed  tissues  produced   hemolysis  in    exactly  the  same 
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fashion  as  did  the  necrotic  tumors.  This  work  has  recently 
been  repeated  and  verified  by  Fukuhara.*^  It  is  therefore 
quite  evident  that  the  broken  down  tumors  contain  a  material 
very  poisonous  to  the  red  cells  of  the  blood.  The  clinical 
aspect  of  this  fact  is  revealed  in  the  observation  that  cachexia, 
as  Beebe  has  found  in  his  dogs,  is  associated. not  with  the 
progressive  growth  of  these  tumors,  but  with  the  process  of 
necrosis  and  softening.  It  was  the  theoretical  anticipation  of 
this  fact  which  led  F.  Miiller,  ^  in  1889,  to  attribute  the 
cachexia  of  cancer  to  a  **  toxogenous  disintegration  of  pro- 
toplasm, independent  of  nutrition,"  in  other  words,  to  a  spe- 
cific toxic  effect  of  the  broken-down  tumors. 

The  next  step  was  to  determine  whether  this  supposed 
toxic  material,  or  any  characteristic  effect  of  its  activity, 
could  be  traced  in  the  circulating  blood  of  dogs  affected  with 
the  growth.^*  ^^  Blood  was  therefore  taken  from  a  large 
number  of  dogs,  including  some  with  tumors  and  some  with- 
out, and  the  effect  of  the  sera  upon  corpuscles  was  deter- 
mined in  a  series  of  experiments,  the  results  of  which  were 
published  during  the  past  year.  These  experiments  showed 
conclusively  that  a  considerable  proportion  of  dogs  with 
tumors,  especially  when  in  the  stage  of  necrosis,  possessed  a 
serum  which  is  hemolytic  in  some  degree  for  all  dog  corpus- 
cles. Normal  dog  serum  is  very  rarely  hemolytic,  and, 
if  so,  generally  in  a  very  slight  degree.  In  the  second  place, 
the  corpuscles  of  dogs  with  tumors  are  far  more  resistant  to 
this  hemolytic  activity  of  the  serum  of  tumor  dogs  than  are 
the  corpuscles  of  normal  animals.  In  other  words,  the 
serum  of  tumor  dogs  frequently  contains  an  "  isolysin,'*  aixd 
their  corpuscles  are  relatively  immune  to  its  action.  The 
phenomenon  is  precisely  comparable  to  the  existence  of 
isoagglutinins  and  the  immunity  of  the  corpuscles  to  these 
agglutinins  in  certain  groups  of  human  individuals,  as  demon- 
strated by  Landsteiner. 

The  existence  of  such  a  toxin  in  the  circulating  blood  of 
dogs  affected  with  these  tumors  has  gained  additional  sup- 
port from  the  observation  of  Wade  ^^  that  the  growth  of  the 
tumor   is   associated  with    the    production  of  an  interstitial 
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nephritis.  The  supposed  "  toxin  can  be  isolated  from  it 
(the  tumor)  by  filtration,  and  produces  interstitial  nephritis*' 
of  the  same  character  experimentally. 

The  existence  of  a  double  reaction  of  the  tj'pe  just 
described  is  evidently  a  very  different  matter  from  the 
simple  hemolytic  reaction  described  by  Ascoli  or  Eisenberg. 
It  is  conceivably  capable  of  assuming  diagnostic  importance, 
inasmuch  as  there  appears  in  dogs,  at  least,  to  be  something 
specific  in  the  relative  resistance  of  the  corpuscles  to  the 
hemolytic  activity  of  the  serum.  This  consideration  led, 
upon  the  completion  of  the  work  on  dogs,  to  the  study  of 
the  blood  of  human  subjects  suffering  from  new  growths. 
(These  results  have  already  been  reported  in  brief  at  the  first 
and  second  meetings  of  the  American  Association  for  Cancer 
Research .^^'^)  I  have  had  at  disposal  the  material  of  two 
large  general  hospitals,  the  German  Hospital  and  the  Syden- 
ham Hospital,  and  a  few  cases  in  Bellevue,  kindly  furnished  by 
Dr.  Coleman.  The  work  was  done  on  a  selected  set  of  eighty- 
two  cases,  in  all  of  which  the  diagnosis  was  fairly  certain,  being 
confirmed  by  microscopic  examination  of  autopsy  or  operative 
material  in  the  group  of  tumors.  There  were  thirty-one  cases 
of  malignant  tumors,  of  which  fifteen  were  in  an  early  stage 
and  sixteen  were  in  an  advanced  condition,  using  the  terms 
"  early  "  and  "  late  "  in  a  broad  clinical  sense.  There  were 
three  cases  of  benign  new* growth.  There  were  forty-two 
cases  of  other  diseases.  Six  of  the  cases  were  apparently 
normal.  The  method  was  that  previously  described.  From 
ten  to  twenty  cubic  centimeters  of  blood  was  aspirated  from 
the  median  basilic  vein ;  part  of  this  blood  was  allowed  to 
clot  and  the  serum  was  poured  off,  while  the  rest  was  defibn- 
nated,  and  the  washed  corpuscles  made  up  into  a  two  per 
cent  emulsion  in  normal  salt  solution.  In  every  experiment, 
the  serum  was  tested  both  against  its  own  corpuscles  and 
against  the  corpuscles  of  another  individual  described  as  the 
**  control ;  "  after  some  experimentation  it  was  decided  to 
select  as  a  "control"  either  a  normal  individual  or  one  with 
a  different  type  of  disease.  The  results  obtained  in  all  these 
experiments  are  given  in  the  accompanying  table  (Table  I.). 
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Table  I. 
The  hemolytic  reactions  in  eighty-two  human  cases. 


Diagnosis. 


I .  Malignant  tumors  : 

Tumor  of  lip 

Tumor  of  lip 

Tumor  of  tongue 

Tumor  of  tonsil 

Tumor  of  larynx 

Tumor  of  esophagus 

Tumor  of  stomach 

Tumor  of  stomach 

'lumor  of  stomach 

Tumor  of  stomach  (4  cases)  . . 

Tumor  of  colon 

Tumor  of  sigmoitl 

Tumor  of  rectum 

Tumor  of  prostate  (i  cases)  .. 

Tumor  of  penis 

Tumor  of  breast 

Tumor  of  breast  (3  cases) 

Tumor  of  breast 

Tumor  of  cervix 

Tumor  o(  va^iunl  scar 

Tumor  of  kidney 

Tumor  of  tace 

Tumor  of  scalp 

II.  Renign  tumors : 

Tumor  of  uterus 

Tumor  of  uterus 

Tumor  of  breast 

III.  Other  diseases : 

Plumbism  (3  cuses) 

Pneumon  ia 

Pneumonia 

Pernicious  anemia  (3  cases)  .. 
Leukemia 


Pathological 
Examination. 


Carcinoma. 


Remarks. 


Early. 


Epithelioma. 


Fibroid. 


Adenoma. 


Hemolysis  of 


Own 

Corpuscles. 


Alien 
Corpuscles 


ICarly. 


I.atc. 


Early. 


Late.       j 
Early.      I 


.1 


I 


Late. 

— 

— 

Early. 

- 

+ 

Late. 

+ 

— 

Early. 

t- 

- 

" 

+ 

1- 

«( 

+ 

Late. 

-f 

" 

- 

+ 

4- 
f- 
I 
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Table  I.  —  Continued, 


I>iag;nosi8. 


Ilodgkin's 

Malaria  (i  cases) 

Tuberculosis  of  lung:s  (a cases). 

Tuberculosis  of  joints 

Tuberculosisof  cervicalglands 

Syphilis 

Syphilis 

Typhoid  (a  cnscs) 

Acute  rheumatism 

Chronic  rheumatism 

Gout 

Cerebral  embolism 

Chronic  endocarditis  (a  cases) . 

Abscess  of  liver 

Obstructive  jaundice 

Cirrhosis  hepatis 


Pancreatitis 

Chronic  g^astritis 

Chnmic  colitis 

Chronic  mastitis 

Appendicitis 

Hernia 

Neurasthenia  (a  cases) . 

Senility 

IV.    Normal  (6 cases)  ... 


Pathological 
Examination. 


Hemolysis  of 


Amebic. 


Ascites,  no 
jaundice. 


Abscess. 


Own  I         Alien 

Corpuscles.      Corpuscles. 


+ 

+ 


It  is  apparent  that  the  results  may  be  grouped  under  four 
headings,  as  follows: 

1.  Serum  fails  to  hemolyze  its  own  corpuscles,  but  hem- 
olyzes  alien  corpuscles. 

2.  Scrum  hemolyzes  both  its  own  and  alien  corpuscles. 

3.  Scrum  hemolyzes  its  own,  but  not  alien  corpuscles. 

4.  Serum  hemolyzes  neither  its  own  nor  alien  corpuscles. 
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The    results  have  therefore   been  summarized  according  to 
these  four  categories,  in  Table  II.,  in  which  the  first  group  is 

indicated  as h»  the  second  as  +  +,  the  third  as  H , 

and  the  fourth  as . 

Table  II. 
(^Summary  of  Cases.) 


1.  Early  malignant  tumors 

2.  Late  malignant  tumors. 

3.  Benign  tumors 

4.  Other  diseases 

5.  Normal  cases 


I. 

II. 

III. 

-  + 

-+-- 

6 

2 

I 

9 

2 

2 

I 

0 

I 

II 

0 

2 

0 

0 

0 

IV. 

6 

3 

I 

29 

6 


Group  I.  ( —  +)  conforms  to  the  type  of  reaction 
described  in  the  lymphosarcomata  of  dogs,  and  may  be 
called  a  "positive"  reaction.  Of  the  early  malignant 
tumors,  six  (forty  per  cent)  conformed  to  this  type ;  of  the 
late  malignant  tumors,  nine  (fifty-six  per  cent)  conformed  to 
it;  of  the  benign  tumors,  one  (thirty-three  per  cent),  and  of 
the  other  diseases,  eleven  (twenty-six  per  cent)  showed  this 
type  of  reaction.  It  is  evident,  therefore,  that  the  reaction  is 
not  pathognomonic  of  malignant  tumors,  early  or  late,  that 
it  occurs  in  a  considerable  proportion  of  other  diseases,  and 
that  a  large  proportion  of  tumors  present  an  altogether  dif- 
ferent type  of  reaction.  On  the  other  hand,  it  must  be 
admitted  that  a  much  larger  percentage  of  malignant  new 
growths  present  this  type  of  reaction  than  do  cases  of  other 
disease.  The  results  of  the  experiment  are,  on  the  whole,  far 
less  characteristic  than  in  case  of  the  tumors  of  dogs,  and  do 
not  lend  themselves  at  present  to  diagnostic  application. 
There  are  a  number  of  obvious  explanations  for  these  differ- 
ences between  dogs  with  lymphosarcoma  and  human  beings 
with  malignant  new  growths.     In  the  first  place  the  former 
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present  a  single  and  sharply  demarcated  type  of  growth  of 
which  all  the  cells  are  of  one  stock  and  belong  to  one  family. 
In  human  beings,  however,  the  group  of  cancers  comprises  a 
collection  of  growths  which  differ  very  markedly,  not  only  in 
their  morphology,  but  also  in  their  biological  characters.  A 
thyroid  cancer,  as  is  shown  by  the  well-known  case  of 
V.  Eiselberg,  may  save  the  body  from  myxedema ;  an  epi- 
thelioma of  the  face,  even  though  far  advanced  and  inopera- 
ble, often  produces  hardly  any  constitutional  effects ;  a  tumor 
of  the  stomach,  even  though  of  slight  extent,  may  destroy  its 
subject  (without  producing  pyloric  stenosis).  Striking  dif- 
ferences such  as  these  between  the  various  types  of  new 
growth  grouped  as  "  cancer "  might  easily  be  multiplied, 
showing  that  the  action  upon  the  organism  as  a  whole  may, 
on  the  one  hand,  be  intensely  destructive,  or,  on  the  other, 
even  physiologically  compensatory  in  some  respects,  with 
every  gradation  between  these  two  extremes  of  action.  It  is 
therefore  unreasonable  to  expect  that  such  different  condi- 
tions should  all  produce  a  uniform  alteration  of  the  serum. 
In  spite  of  this  difficulty  I  believe  that  some  importance  must 
be  attached  to  the  fact  that  the  sera  of  individuals  with 
tumors  present  a  far  larger  proportion  of  **  positive  '*  ( —  +) 
reactions  than  do  other  individuals,  whether  normal  or 
diseased.  It  seems  very  possible,  therefore,  that  something 
of  value  may  eventually  come  of  the  use  of  this  method  in 
human  disease.  But  it  will  have  to  come  with  a  refinement 
of  method  which  will  correspond  to  the  complexity  of  the 
factors  involved. 

The  importance  of  the  method  in  its  application  to  human 
disease  has  been  recently  given  considerable  prominence  by 
Crile.^  He  studied  hemolysis  and  corpuscular  resistance, 
according  to  the  method  described  by  me,  in  cases  of  human 
cancer,  and  with  slight  variations  he  exactly  confirms  my 
conclusions  in  the  study  of  the  blood  of  dogs.  He  states 
that  all  early  cases  of  malignant  new  growth  have  a  hemoly- 
tic serum,  and  that  the  corpuscles  of  such  cases  are  immune 
to  the  destructive  action  of  their  own  serum,  or  of  the  serum 
of  other  cancer  cases.     As  the  tumors  progress,  he  says  that 
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the  hemolytic  power  of  the  serum  disappears,  and  with  it  the 
resistance  of  the  corpuscles.  This  reaction  he  finds  to  be 
characteristic  of  cancer.  The  only  apparent  exception  is 
found  in  cases  of  tuberculosis.  He  finds  that  the  re- 
action is  so  delicate  as  to  betray  the  very  earliest  begin- 
nings of  malignant  new  growths  as,  for  example,  in  cases  in 
which  the  "  cancerous  transformation "  of  a  luetic  scar  or 
the  "  sarcomatous  transformation  "  of  a  fibroid  of  the  uterus 
were  evident  only  on  microscopic  examination.  It  is  evident 
that  a  method  as  delicate  and  at  the  same  time  as  unerring 
as  this  would  be  of  great  use  in  practice.  My  own  ob- 
servations do  not  permit  of  such  a  sweeping  generalization, 
and  I  believe  that  it  will  hardly  stand  the  test  of  further 
investigation.  The  method  yields  results  of  such  a  character 
that  great  caution  and  reserve  must  be  exercised  in  their 
application  to  human  diagnosis. 

The  theoretical  aspect  of  this  type  of  hemolysis  is  ot 
great  interest,  and  has  not  hitherto  been  presented.  It  is, 
on  first  thought,  somewhat  difficult  to  conceive  that  a  sub- 
stance destructive  to  the  life  of  red  blood  cells  —  a  hemoly- 
sin—  should  circulate  in  the  blood  of  the  living  animal. 
Evidently,  if  such  a  substance  does  exist,  the  cells  of  the 
animal  in  which  it  occurs  must  be  immune  to  its  action. 
Otherwise,  there  would  be  progressive  destruction  of  the  red 
cells  and  death.  Now  the  observations  of  many  careful 
workers  show  that  just  these  conditions  do  actually  exist. 
Landsteiner  and  many  others  have  demonstrated  the  pres- 
ence of  isoagglutinins  in  human  blood,  and  the  existence  of 
a  specific  immunity  to  their  action  on  the  part  of  the  cells 
of  the  individual  in  which  they  occur.  Yet  these  same  cells 
may  be  very  susceptible  to  agglutinins  present  in  the  blood 
of  other  individuals  of  the  same  species.  Do  the  same 
laws  hold  of  hemolysins?  Until  recently  it  was  not  known 
that  hemolysins  for  the  red  cells  of  the  same  species  could 
normally  occur.  Ehrlich^  had  indeed  shown  that  such 
hemolysins  (iso-hemolysins)  could  be  artificially  induced  in 
goats  by  injecting  the  red  cells  of  other  goats.  In  these 
injected  animals,  however,  the  serum  never  became  hemolytic 
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for  their  own  cells.  Ehrlich  called  this  phenomenon  the 
**  horror  autotoxicus/'  which  is  simply  another  way  of  stating 
that  their  own  red  cells  had  become  immune  to  their  own 
hemolysin.  In  1906  Theobald  Smith  ^^  showed  that  isoly- 
sins  normally  occurred  in  a  considerable  number  of  horses, 
which  were  capable  of  destroying  fifteen  per  cent  of  the  cor- 
puscles of  other  horses.  In  1907  I  showed  the  same  to  be 
true  in  some  dogs  not  affected  with  tumors.  There  is,  there- 
fore, no  doubt  that  animals  may  have  in  their  blood  hemoly- 
sins for  the  red  cells  of  their  own  species,  but  not  toxic  for 
their  own  cells.  The  question  now  arises,  can  the  red  cells 
of  an  animal  become  immune  to  the  action  of  a  hemolysin 
introduced  into  the  blood  from  without  during  adult  life? 
For  example,  could  the  red  cells  become  immune  to  a  toxin 
circulating  in  the  blood  and  derived  from  a  disintegrating 
new  growth?  There  is  ample  evidence  to  show  that  red 
cells  may  change  in  their  resistance  to  anisotonic  salt  solu- 
tion during  the  course  of  disease."*'  ^^  This,  however,  is  not 
a  specific  response.  There  is,  as  far  as  I  know,  only  one 
condition  in  which  it  has  been  abundantly  shown  by  inde- 
pendent observers  that  there  may  be  such  a  specific  immune 
response  on  the  part  of  the  red  cells.  If  eel  serum  be 
injected  a  number  of  times  into  rabbits,^'  ^^'  ^  their  red  cells 
become  relatively  immune  to  its  destructive  action  in  the 
test-tube.  The  mechanism  of  this  response  need  not  be 
very  complex.  New  red  cells  are  being  constantly  manu- 
factured, and  it  is  only  necessary  to  imagine  that  those  less 
resistant  to  the  poison  die  off,  leaving  only  those  more  resist- 
ant. There  is,  therefore,  no  inherent  difficulty  in  the  con- 
ception of  an  isolysin  due  to  disease  and  a  corpuscular 
immunity  thereto.  On  the  other  hand,  we  are  very  far  from 
having  proved  that  this  is  the  actual  explanation  of  the  hem- 
olytic reactions  of  the  blood  in  certain  forms  of  disease, 
specifically  in  the  lymphosarcoma  of  dogs.  It  is  conceiv- 
able that  the  phenomenon  is  due  to  an  entirely  different  set 
of  factors.  This  is  a  problem  which  only  much  labor  and 
care  can  hope  to  solve. 
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A  STUDY  OF  NATURAL  AND  ACQUIRED  IMMUNITY  OF   GUINEA- 
PIGS  TO  GONOCOCCUS.* 

John  C.  Torrey. 

(^From  the  Department  of  Experimental  Pathology^  Loomis  Laboratory^  Cornell 

University  Medical  College. ) 

It  is  a  matter  of  common  knowledge  that  man  after  an 
attack  of  gonorrhea  does  not  acquire  the  slightest  immunity 
to  a  subsequent  infection  by  the  micrococcus  of  Neisser. 
In  fact,  the  resistance  of  his  system  to  invasion  by  the  gono- 
coccus  is  decreased  by  each  recurring  attack.  The  majority 
of  investigators  have  concluded  that  a  specific  immunity  in 
animals  to  the  gonococcus  is  unattainable;  a  result  due  in 
part  to  the  fact  that  fluid  cultures,  in  which  gonotoxin  has 
accumulated,  have  been  used  as  the  immunizing  agent.  It  is 
my  purpose  in  this  paper  to  demonstrate  that  such  a  general- 
ization is  unwarranted  and  also  to  describe  the  mechanism  of 
the  specific  immunity  to  this  microorganism,  which  may 
readily  be  induced  in  guinea-pigs.  Before  passing  to  this 
subject,  it  is  desirable  to  consider  the  effect  of  the  injections 
of  living  gonococci  and  also  its  diffused  toxin  on  normal 
animals. 

I.  Toxin  in  filtrates  of  gonococcus  cultures.  The  nature 
of  gonotoxin. —If  gonococcus  is  cultivated  for  two  or 
three  weeks  in  a  suitable  fluid  medium,  such  as  ascitic 
broth,  the  filtrate  will  be  found  to  be  more  or  less  toxic  for 
small  laboratory  animals.  With  the  exception  of  one  inves- 
tigator, it  is  generally  agreed  that  this  toxic  substance  is 
derived  entirely  from  the  dead  and  disintegrated  bodies  of 
the  gonococci  and  is  not  a  physiolog?cal  product  of  the  liv- 
ing organism.  Nicolaysen,^  Wassermann,^  and  Scholtz^  were 
the  first  to  establish  this  point.  Christmas,*  however,  by  the 
use  of  a  special  culture  medium,  claims  that  the  gonococcus 
may    produce,   by    a   biological    process,   an    extracellular 

*  Received  for  publication  Feb.  39, 1908. 
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poison,  which,  when  injected  into  the  brain  of  a  guinea-pig, 
is  extremely  toxic. 

With  the  idea  of  testing  the  validity  of  Christmas'  theory, 
I  have  repeated  some  of  his  experiments.  The  formula 
which  he  considers  essential  is  an  infusion  of  veal,  concen- 
trated to  one-fourth  its  original  bulk,  to  which  three  parts  of 
ascitic  fluid  have  been  added,  and  neutralization  effected 
with  lactic  acid.  Peptone  and  salt,  he  claims,  have  an  inhib- 
itory influence  on  toxin  production.  The  toxic  filtrate  was 
obtained  by  passing  the  culture  through  sterile  talc.  A 
comparison  of  the  effect  of  intraperitoneal  injection  into 
guinea-pigs  of  filtrates  of  cultures  grown  in  this  medium  with 
others,  to  which  peptone,  salt,  and  ascitic  fluid  have  been 
added  in  varying  proportions,  leads  one  to  the  conclusion 
that  no  enhanced  virulence  is  secured  by  the  formula  of 
Christmas.  Intracerebral  injections  were  not  made,  because 
the  severity  of  the  operation  adds  a  complicating  factor. 
Vannod  ^*  and  Cantoni  ^  have  reported  a  similar  conclusion 
as  regards  Christmas'  medium.  It  has  been  my  experience 
that  the  filtrate  of  the  formula  in  which  there  is  the  greatest 
growth  and  hence  the  most  active  disintegration  of  cocci 
contains  the  maximum  amount  of  toxin.  Peptone  increases 
the  growth  and  hence  the  toxicity  of  the  culture.  Nor  is 
ascitic  fluid  essential,  for  the  filtrates  of  two  cultures,  one 
grown  in  ascitic  broth  (Thalmann's  ^  broth,  two  parts; 
ascitic  fluid,  one  part)  and  the  other  in  Thalmann's  broth 
without  ascitic  fluid,  were  found  at  the  end  of  twenty  days, 
which  is,  according  to  Christmas  *  and  Vannod,^  the  time  of 
the  maximum  production  of  toxin,  to  be  equally  poisonous 
on  injection  into  the  peritoneal  cavity  of  guinea-pigs.  Unless, 
however,  the  conditions  are  very  favorable  it  is  not  possible 
to  obtain  an  equal  growth  in  serum  broth  and  broth  without 
serum.  Such  a  deficiency  would  account  for  Wildbolz's  con- 
clusion that  the  cultures  in  the  former  are  the  more  toxic. 
My  results  do  not  exclude  the  possibility  that  a  rulture  may 
lose  considerably  in  virulence  if  cultivated  for  some  u  '*  in 
media  devoid  of  serum,  but  they  do  lead  one  to  believe  that 
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there  is  no  vital  interaction  between  the  culture  fluid  and  the 
gonococcus  in  the  production  of  toxin. 

In  connection  with  some  experiments  on  the  fixation  of 
complement  with  gonococcus,  carried  out  in  collaboration 
with  Dr.  Teague,^  we  found  that  neither  filtrates  of  old 
ascitic  broth  cultures  of  gonococcus  nor  extracts  obtained 
with  distilled  water  and  also  seventeen  per  cent  sodic 
chloride  solution  caused  hemolysis  of  washed  sheep  blood 
corpuscles.  It  seems  probable,  then,  that  in  these  experi- 
ments with  guinea-pigs  a  hemolysin  played  no  part  in  the 
toxic  action. 

Immunization  to  gonotoxin.  —  In  regard  to  the  possibility 
of  immunization  to  gonotoxin  and  the  production  of  an  anti- 
toxin there  is  a  similar  diversity  of  opinion.  Christmas,* 
using  his  special  technic,  claims  to  have  produced  an  immu- 
nity in  guinea-pigs  which  enabled  them  to  withstand  one 
hundred  minimal  fatal  doses  injected  intracerebrally.  The 
serum  of  an  immunized  goat  was  also  described  as  possess- 
ing antitoxic  properties.  On  the  other  hand,  Wassermann,^ 
as  also  JundeP  and  Vannod^  have  found  that  no  immunity, 
other  than  a  slight  adaptation  and  resistance  to  gonotoxin, 
could  be  induced  in  small  laboratory  animals,  nor  is  anti- 
toxin production  possible. 

To  verify  one  or  the  other  of  these  conclusions  I  have 
experimented  on  the  immunization  of  guinea-pigs  against 
toxin  filtrates  injected  intraperitoneally  and  produced  both 
according  to  the  method  of  Christmas,  and  also  by  various 
modifications  of  ascitic  broth.  The  inoculations  in  a  little 
less  than  fatal  doses  were  given  at  intervals  of  a  week  or 
more.  In  no  instance,  however,  was  there  evidence  of  the 
production  of  active  immunity.  Although,  after  the  third 
or  fourth  injection,  there  might  be  some  indication  of  slight 
tolerance,  on  further  treatments  this  frequently  gave  way  to 
a  sudden  hypersensitivity.  Other  pigs  became  marasmic  and 
succumbed  after  progressive  emaciation,  as  has  been 
d'-  w'fbed  by  Wassermann,^  Jundel,^  and  MoltschanoffJ® 
Occasionally,  partial  paralysis  preceded  death,  appearing  first 
in  the  hind  limbs  and  then  in  the  fore  limbs.     Moltschanoff  *^ 
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has  shown  that  this  paresis  is  accompanied  by  degenerative 
changes  in  the  nerve  cells  of  the  anterior  horns  of  the  spinal 
cord. 

Evidence  suggestive  of  anaphylactic  phenomena.  —  In  a 
number  of  instances,  the  first  injection  of  toxin  seemed  to 
sensitize  the  animals  in  such  a  way  that  they  were  much 
more  distressed  by  a  second  injection  in  the  same  dose  given 
fifteen  to  twenty-three  days  later.  This  hypersensitivity  is 
shown  graphically  by  the  more  rapid  and  extensive  drop  in 
temperature  after  the  second  inoculation  (Temperature  chart 
No.  i). 

Temperature  Chart  No.  i. 


The  unbroken  line  (- 


-)  indicates  the  temperature  changes  in  a  guinea- 


pig   after  the  first  intraperitoneal  injection  of  a  filtered  gonotoxin.     The  broken 

line  ( )'  is  the  curve  of  the  same  animal  receiving  the  same  dose  of  toxin 

twenty-three  days  later. 
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This  increased  susceptibility  was  more  strikingly  evident 
in  some  animals  after  several  injections  had  been  given.  Six 
pigs  died  suddenly  in  twQ  to  ten  hours  after  the  inoculation 
of  less  than  an  ordinarily  fatal  dose,  in  some  instances  with- 
out any  drop  in  temperature.  In  each  case  an  interval  of 
eight  to  fifteen  days  had  occurred  since  the  dose  immediately 
preceding.  A  rapid  onset  of  convulsions  and  dyspnea  before 
death  was  also  suggestive  of  anaphylaxis. 

II.  Experiments  on  the  injection  of  emulsions  of  living 
gonococci  into  normal  guinea-pigs.     Variations  in  virulence. 
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—  In  experimenting  with  twelve  different  strains  of  gonococ- 
cus  isolated  from  various  sources,  great  difference  in  toxicity 
were  encountered.  But  with  the  most  virulent  strains  it  was 
necessary  to  use  a  relatively  large  amount  of  culture  to  pro- 
duce death.  A  constantly  toxic  culture,  called  A  in  previous 
articles,  has  been  employed  in  the  majority  of  the  experi- 
ments. This  strain  has  lost  its  virulence  very  slowly  during 
the  eighteen  months  in  which  tests  have  been  made.  At  the 
beginning  of  this  period  the  twenty-four-hour  growth  from 
three-fourths  of  a  square  inch  of  an  ascitic  agar  slant  would 
sometimes  prove  fatal  to  a  two-hundred-gram  guinea-pig  and 
one  and  one-half  square  inches  certainly  so.  As  Wollstein  " 
in  similar  experiments  found  it  necessary  to  use*  half  of  the 
growth  from  a  "Blake"  bottle  to  bring  about  a  fatal  issue, 
this  strain  was  evidently  far  less  toxic  than  A.  At  the  end 
of  twelve  months  one  and  one-half  square  inches  of  culture 
A  was  sometimes  fatal  and  three  square  inches  certainly  so. 
Finally  at  the  present  time  the  certainly  fatal  dose  is  about 
four  square  inches  for  a  two-hundred-gram  pig. 

Dosage.  —  At  all  times  the  dosage  has  been  graduated  according  to 
the  weight  of  the  animal,  although  large  pigs  are  relatively  less  suscepti- 
ble than  small.  For  a  standard  emulsion  three  square  inches  of  a  luxu- 
riant eighteen  to  twenty-four-hour  ascitic  agar  culture  have  been  suspended 
in  four  cubic  centimeters  of  normal  saline  solution  and  this  emulsion 
injected  in  a  dosage  of  one  cubic  centimeter  to  each  hundred  grams. 
These  inoculations  were  always  made  intraperitoneally. 

Physical  phenomena  following  injections.  —  In  the  case  of  pigs  which 
die  within  nine  to  sixteen  hours  after  injection  the  temperature  drops 
rapidly  and  steadily  for  eight  to  ten  degrees  (F.)  in  three  hours.  If  death 
is  delayed  until  twenty  to  twenty-four  hours  the  fall  in  temperature  is 
slower,  sometimes  preceded  by  a  slight  rise  during  the  first  two  hours. 
After  the  injection  of  a  little  less  than  a  lethal  dose  the  temperature  rises 
during  the  first  hour,  falls  rapidly  at  four  hours  and  finally  rises  again  to 
the  normal  in  nine  to  ten  hours.  The  peritoneal  cavity  begins  to  fill  with 
a  clear  exudate  in  from  one  to  three  hours  and  soon  becomes  much  dis- 
tended and  very  tender,  with  tense  abdominal  muscles.  In  fatal  instances, 
convulsions  occur  a  few  hours  before  death.  There  may  be  paresis  of  the 
hind  limbs  and  a  prolapsus  ani.  Similar  phenomena  have  been  noted  by 
Flexner  '*  in  pigs  inoculated  with  a  fatal  dose  of  the  meningococcus.  In 
surviving  animals  there  is  a  resorption  of  the  peritoneal  fluid,  simultaneous 
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with  the  rise  in  temperature.    As  Nicolaysen  *  observed,  death  does  not 
occur  later  than  thirty-six  hours,  unless  a  mixed  infection  has  set  in. 

Autopsies.  —  At  autopsy  in  guinea-pigs  dying  in  ten  to  twenty  hours 
the  peritoneal  cavity  is  found  to  be  filled  with  a  yellowish  fluid,  clear  or 
slightly  bloody.  The  omentum  is  rolled  up  on  the  stomach  and  much 
inflamed,  as  is  also  the  mesentery  and  the  serosa  of  the  peritoneum.  As 
Vannod^  noted,  the  suprarenal  capsules  are  enlarged  and  intensely 
hyperemic.  In  later  fatal  cases  the  conditions  are  the  same  except  that 
the  fluid  has  generally  become  scanty,  viscid  and  clouded.  Deposits  of 
pus  lie  on  the  liver  and  abdominal  walls.  The  gall-bladder  is  sometimes 
enormously  distended  in  animals  which  recover  later  and  especially  in 
those  immunized  with  toxin ;  a  condition  described  by  Detweiler  *»  and 
also  by  Tracy'*  as  occurring  in  guinea-pigs  killed  by  toxins  of  B.  prodi- 
giosus. 

Tabulation  of  normal  animals.  — In  the  following  table  are 
given  data  in  regard  to  guinea-pigs  which  were  killed  or  died 
in  five  minutes  to  seventy-two  hours  after  inoculation.  At 
the  periods  up  to  ten  hours,  death  was  induced  by  chloroform, 
each  animal  having  received  intraperitoneally  the  same  dose, 
viz.,  four  cubic  centimeters  of  the  standard  emulsion  of  cult- 
ure A.  Cultures  from  the  peritoneal  fluid  and  heart  blood 
were  taken  by  using  the  same  platinum  loop,  holding 
approximately  i/ 140th  of  a  cubic  centimeter  and  smearing 
one  loopful  over  the  surface  of  a  large  ascitic  agar  slant. 
After  forty-eight  hours'  incubation  the  colonies  were  counted, 
when  possible. 
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Cultures. — The  peritoneal  fluid. gave  a  luxuriant  culture 
up  to  six  hours.  From  this  time  to  ten  hours  a  marked 
decrease  in  the  living  gonococci  occurred  and  the  animals 
would,  in  all  probability,  have  recovered.  The  animals, 
however,  which  died  within  eighteen  hours  still  held  enor- 
mous numbers  of  gonococci,  either  because  practically  none 
had  been  destroyed  or  less  probably  on  account  of  a  multi- 
plication of  the  cocci  in  the  animal  after  a  primary  destruc- 
tion. As  is  indicated  in  the  table  all  except  one  of  the  pigs 
dying  in  this  period  had  received  a  culture  somewhat  increased 
in  virulence  by  passages  through  animals.  Scholtz^  also  found 
that,  from  guinea-pigs  dying  within  twenty  hours  after  inocula- 
tion with  gonococci,  they  may  almost  invariably  be  recovered 
in  culture.  After  twenty-four  hours,  whatever  the  outcome, 
there  are  few  or  no  living  gonococci  in  the  peritoneal  fluid. 
As  might  be  expected  gonococci  may  readily  be  recovered 
from  the  heart  blood  after  intraperitoneal  inoculation.  Nico- 
laysen,^  Scholtz,^  Jundel,^  and  Wildbolz  '^  obtained  them  in 
culture  with  varying  degree  of  frequency.  Bruckner  ^^  found 
them  in  smears  of  the  heart  blood  and  by  culture  in  the 
peripheral  circulation  during  the  first  hours.  In  this  series  of 
pigs  they  were  recovered  more  or  less  abundantly  from  the 
heart  blood  up  to  twenty-four  hours.  Even  in  five  minutes 
after  inoculation  there  were  fifty  gonococci  in  a  loop,  indicat- 
ing that  there  has  occurred  the  same  rapid  rush  through  the 
diaphragm  which  Buxton  and  Torrey"  have  found  to  be 
true  for  B.  typhosus  and  other  bacteria.  The  maximum 
number  of  cocci  was  found  in  two  hours,  as  many  as  five 
hundred  in  a  loop  or  seventy  thousand  in  a  cubic  centimeter. 
As  most  pigs  recover  after  this  dose,  it  is  a  striking  demon- 
stration of  their  natural  resistance  to  the  gonococcus.  At 
four  hours  a  marked  decrease  has  occurred  as  there  were 
only  twenty  cocci  to  a  loop.  The  bactericidal  action  con- 
tinues in  animals  which  are  on  the  road  to  recovery  until  in 
ten  hours  the  blood  is  practically  sterile.  Yet,  as  the  table 
shows,  in  the  blood  of  animals  dying  up  to  twenty  hours  ^ 
large  number  of  living  cocci  are  still  present.  After  twenty- 
five   hours   both   in  dying  and   surviving   pigs   a   complete 
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destruction  of  the  cocci  has  almost  invariably  taken  place ; 
hence  there  is  at  times  a  close  approximation  to  **  sterile 
death/' 

Peritoneal  fluid.  —  Examinations  of  the  peritoneal  exudates 
are  often  instructive  as  an  indication  of  the  course  of  the 
struggle  between  the  protective  agencies  of  the  animals  and 
the  bacteria  injected.  The  smears  were  stained  with  eosinate 
of  methylene  blue.  During  the  first  hour  the  gonococci  are 
abundant,  well  scattered  and  stain  intensely,  while  the  leuco- 
cytes are  few  in  number  and  of  the  usual  character  (Dudgeon 
and  Ross*^).  The  prolonged  leucopenic  stage,  which  is  well 
marked  in  two  hours,  extends  until  about  seven  hours,  when 
the  polynuclear  leucocytes  with  small  granules  (microxyctes) 
begin  to  appear  in  numbers.  If  the  animal  is  destined  to 
recover,  these  cells  continue  to  emigrate  in  large  quantities 
until  in  twenty-flve  hours  they  far  outnumber  the  macro- 
phages. As  is  well  known,  the  macrophages  soon  gain  the 
upper  hand  and  in  seventy-two  hours  have  completely 
destroyed  the  micro xycytes.  Since  in  the  case  of  pigs 
recovering  in  less  than  twenty  hours  the  gonococci  injected 
are  mostly  destroyed  in  ten  hours,  phagocytosis  plays  little 
part,  for  it  is  only  after  that  time  that  leucocytes  are  found 
in  large  number.  It  is  worthy  of  note,  nevertheless,  that  the 
macrophages  take  up  the  gonococci  with  much  greater 
avidity  than  do  the  finely  granular  polynuclears. 

Phagocytosis  by  the  eosinophils  (megoxycytes).  —  Occa- 
sionally the  smears  from  certain  animals  contained  a  large 
numberof  coarsely  granular  polynuclear  leucocytes,  —  eosin- 
ophiles.  However,  as  has  been  shown  by  Opie,*^  guinea-pigs 
vary  greatly  in  the  number  of  these  leucocytes  present  in  the 
exudate.  Whether  or  not  the  eosinophiles,  viz.,  the  megoxy- 
cytes, ever  act  as  phagocytes  has  been  a  moot  question.  It 
has  recently  been  determined  by  Dudgeon  and  Ross^^  that 
they  may  ingest  staphylococci  and  B.  coli,  but  they  agree 
with  other  investigators  in  the  opinion  that  their  phagocytic 
activities  are  insignificant.  At  the  autopsy  of  one  of  my 
guinea-pigs,  dying  twenty-four  hours  after  inoculation,  a  large 
number  of  eosinophiles  were  found  in  the  peritoneal  exudate 
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and  practically  every  one  had  taken  up  several  gonococci. 
In  a  number  of  instances  the  cocci  were  certainly  contained 
in  vacuoles  within  the  cytoplasm  and  undergoing  digestive 
disintegration,  —  a  convincing  proof  of  phagocytic  function. 

Omentums.  —  Examining,  now,  the  omentums  from  these 
animals,  prepared  and  stained  according  to  the  method 
described  in  a  previous  article,"  I  have  found  that  as  early 
as  five  minutes  after  inoculation  there  may  be  an  extensive 
deposit  of  fibrin  strands  containing  multitudes  of  gonococci, 
staining  intensely,  and  also  many  leucocytes,  viz.,  megoxy- 
cytes,  small  lymphocytes,  macrophages  and  microxycytes. 
Until  the  complete  destruction  of  the  gonococci  or  the  death 
of  the  animal,  the  macrophages  far  outstrip  the  polynuclears 
in  activity  of  phagocytosis,  a  fact  which  Buxton  has  found 
to  apply  in  regard  to  certain  other  bacteria.  The  elongated 
wandering  cells  between  the  bundles  of  connective  tissue 
(the  clasmatocytes  of  Ranvier,  the  **  trailers  **  of  Buxton  and 
Torrey)  have  ingested  in  normal  guinea-pigs  only  a  moder- 
ate number  or  sometimes  no  cocci.  On  the  surface  of  the 
omentums  of  animals  dying  in  less  than  twenty  hours  there 
are  many  scattered  intensely  staining  gonococci,  but  in  the 
case  of  those  which  recover,  practically  all  have  disappeared 
in  twenty-five  hours.  Whatever  the  outcome,  the  measure 
of  phagocytosis  is  apparently  the  same,  with  the  macro- 
phages leading.  Although  there  is  a  far  greater  microxy- 
cyte  reaction  in  surviving  than  in  dying  animals  this  seems 
to  be  a  secondary  rather  than  a  primary  phenomenon.  The 
guinea-pigs  do  not  survive  because  there  is  a  leucocyte 
reaction,  but  there  is  such  a  reaction  because,  through  the 
early  destruction  of  gonococci  by  other  agencies,  the  organ- 
ism is  not  weakened  by  widespread  dissemination  of  toxin. 
For,  as  I  have  observed,  in  surviving  animals  an  almost  com- 
plete destruction  of  gonococci  has  taken  place  in  the  blood 
and  peritoneal  cavity  before  the  microxycyte  reaction 
becomes  marked. 

•  Cause  of  bacteriolysis.  —  Granting  that  the  leucocytes 
take  little  part  in  the  destruction  of  the  gonococci  within  the 
peritoneal  cavity,  it  may  be  assumed  that  the  disintegration 
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is  due  to  lytic  action  of  the  serous  exudate.  Furthermore, 
as  I  have  found  fresh  normal  rabbit  serum  strongly  bacteri- 
cidal for  gonococcus,  it  seems  probable  that  in  these  guinea- 
pigs  an  alexine  brings  about  the  lysis.  Such  an  explanation 
conforms  with  the  somewhat  marked  individual  differences 
in  susceptibility  of  guinea-pigs,  for  the  serums  from  some 
rabbits  have  been  found  to  be  ten  times  as  potent  as  that 
from  others.  If  an  autolytic  enzyme  plays  an  important  part, 
as  Flexner  ^*  has  stated  to  be  the  case  in  similar  experiments 
with  Diplococcus  intracellularis,  one  would  not  expect  to 
find  such  decided  individual  variations  in  the  rapidity  with 
which  the  gonococci  are  destroyed.  It  seems  reasonable  to 
suppose,  tnen,  that  guinea-pigs  which  recover  do  so  because 
the  body  fluids  contain  sufficient  alexine  to  kill  the  gono- 
cocci almost  completely  in  less  than  ten  hours ;  whereas,  in 
the  less  resistant  animals,  the  cocci  are  able  to  hold  their 
own  until  the  toxin  has  been  carried  to  and  acted  on  the  vital 
organs. 

Infection  of  animals  with  the  gonococcus.  —  As  all  investi- 
gators agree,  there  is  no  evidence  that  an  infection,  in  the 
strict  sense  of  the  term,  can  be  induced  in  animals.  There 
is  probably  never  more  than  a  slight  increase  of  the  cocci  in 
the  body  within  a  short  time  after  the  inoculation.  Death 
occurs  merely  through  the  establishment  of  a  toxemia. 
Although  this  is  true,  I  have  found  that  a  living  emulsion  of 
culture  A  was  about  four  times  as  toxic  as  the  same  amount 
of  heated  emulsion.  Cantoni  came  to  a  similar  conclusion, 
but  Wassermann,  Scholtz  and  Jundel  have  contended  that 
living  and  dead  gonococci  produce  identical  results.  In 
order  to  damage  as  little  as  possible  the  gonococcic  auto- 
lytic enzyme  a  portion  of  an  emulsion  of  living  gonococci 
was  rendered  sterile  (tested)  by  heating  to  55"  C.  for  one- 
half  hour.  In  the  following  temperature  chart  (2)  the  curve 
of  the  animal  receiving  the  heated  part  is  compared  with  that 
of  another  pig  of  approximately  the  same  weight  which  had 
been  inoculated  with  a  like  amount  of  the  living  unheated 
part.  The  difference  in  the  outcome  is  probably  due  to 
the  living  gonococci   being  more   invasive   and   less  readily 
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disintegrated  than  the  dead  ones;  the  toxin,  accordingly, 
would  be  carried  to  vital  points  before  being  freed  from  the 
cocci  by  lytic  agents. 

Temperature  Chart  No.  2. 

Unbroken  line  indicates  the  temperature  changes  of  a  guinea-pig  receiving 
an  intraperitoneal  injection  of  living  gonococci. 

Broken  line  is  that  of  an  animal  receiving  the  same  amount  of  emulsion  heated 
to  550  C.  %  hour. 
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Mixed  infections. —  Occasionally  a  guinea-pig,  apparently 
about  to  recover,  would  suffer  a  second  drop  in  temperature 
and  die  in  about  fifty  hours  from  the  time  of  inoculation. 
In  each  instance  it  was  found  that  death  was  due  to  a 
secondary  infection.  At  autopsy,  however,  a  good  growth 
could  be  obtained  from  the  peritoneal  fluid  and  twelve  to 
sixteen  gonococci  from  a  loop  of  heart  blood.  Leucocytes 
were  comparatively  scarce  in  the  peritoneal  fluid,  but  had 
ingested  gonococci  in  preference  to  the  other  microorganism. 
The  survival  of  the  gonococci  in  these  mixed  infections, 
twenty-five  hours  beyond  the  usual  period,  may  be  due  to 
the  lowered  temperature  of  the  animal,  the  gonococcus 
thriving  best  at  about  36"  C,  or  more  probably  to  the 
partial  absorption  of  the  lytic  substances  in  the  fluids  by  the 
contaminating  bacteria. 
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Increase  of  virulence  by  passages.  —  Nicolaysen*  was  not 
able  to  increase  the  virulence  of  the  gonococcus  by  passages. 
Negative  results  have  also  been  reported  by  Scholtz  ^  and 
Wildbolz.^  On  the  other  hand  Bruckner  and  his  associates  *^ 
have  described  the  acquisition  by  their  strains  of  gonococcus 
of  a  marked  augmentation  of  toxicity  by  passing  them 
through  rabbits,  thus  confirming  similar  previous  experi- 
ments of  Pinto.^  To  test  the  accuracy  of  these  observations, 
culture  A  was  passed  through  ten  guinea-pigs.  After  one 
passage  the  temperature  of  the  second  animal  dropped  nine 
degrees  in  four  hours,  whereas  with  the  same  amount  of 
original  culture  there  was  no  fall  within  the  same  period  in 
a  control  pig.  After  ten  passages,  one-fourth  of  the  mini- 
mum certainly  fatal  dose  of  the  original  culture  proved 
lethal  for  a  pig,  although  not  uniformly  so.  The  virulence 
was  certainly  increased,  probably  through  adaptive  changes 
which  render  the  gonococci  resistant  to  the  lytic  agencies  of 
the  host,  but  the  experiments  were  not  sufficient  in  number 
to  determine  how  far  this  may  be  continued.  As  was 
described  in  a  previous  article  ^*  the  culture  became,  through 
this  treatment,  much  less  agglutinable. 

Temperature  Chart  No.  3. 

Unbroken  line  represents  the  temperature  curve  of  a  guinea-pig  inoculated 
intraperitoneally  with  one-half  the  certainly  fatal  dose  of  living  gonococci  A. 

Broken  line  is  that  of  an  animal  receiving  one-half  as  much  emulsion  of  strain 
A  after  passage  through  ten  guinea-pigs. 
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III.  The  production  of  active  immunity  to  gonococcus  in 
guinea-pigs.  —  As  the  attempts  to  immunize  rabbits  and 
guinea-pigs  by  the  use  of  ascitic  broth  cultures  were  uni- 
formly unsuccessful  on  account  of  the  free  endotoxin  in  the 
medium,  experiments  have  been  carried  out  in  which 
emulsions  of  twenty-four-hour  ascitic  agar  cultures  served  as 
the  immunizing  agents. 

Comparison  of  intraperitoneal  and  subcutaneous  immuni- 
zation.—  Certain  pigs  were  given  weekly  intraperitoneal 
inoculations  of  sublethal  amounts  of  gonococcus  emulsion 
and  others  subcutaneous  vaccinations  with  the  same  dose. 
As  might  be  expected,  the  former  were  protected  against  a 
lethal  intraperitoneal  dose  by  fewer  treatments  than  the 
latter.  Seven  days  after  one  immunizing  injection  the 
'•intraperitoneal  pigs"  withstood  a  dose  certainly  fatal  for 
control  animals,  whereas  the  "  subcutaneous "  pigs  died  in 
about  thirty  hours.  After  the  second  treatment,  the  out- 
come was  the  same,  the  "  subcutaneous  **  pig  showing  even 
an  increased  susceptibility  in  comparison  with  the  control. 
This  apparent  hypersensitivity  may  be  due  to  the  develop- 
ment of  lytic  antibodies  in  the  fluids  without  a  corresponding 
increase  in  tolerance  to  the  gonotoxin.  After  four  treat- 
ments, however,  animals  immunized  subcutaneously  with- 
stood the  .  certainly  fatal  dose  and  after  seven  treatments 
twice  the  lethal  dose.  This  seemed  to  be  the  limit,  of 
resistance. 


Digitized  by 


Google 


364 


TORREY. 


Temperature  Chart  No.  4. 

Comparison    of    resistance    of    animals     immunized     intraperitoneally    and 
subcutaneously.     Both  had  received  four  immunizing  inoculations. 

,  Curve  of  animal  immunized  intraperitoneally. 

,  Curve  of  animal  immunized  subcutaneously. 

,  Curve  of  control  normal  animal. 
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With  intraperitoneal  immunization,  the  protection  is  not 
entirely  specific  on  account  of  the  local  inflammation 
induced.  Even  ten  days  after  the  third  treatment  the 
leucocytes  in  the  peritoneal  fluid  were  far  more  abundant 
than  in  normal  animals.  In  tlje  following  table  are  com- 
pared the  percentages  of  the  various  forms  of  leucocytes  in 
thtf  peritoneal  cavity ;  fifteen  minutes  after  an  intraperitoneal 
injection  of  normal  saline  (taken  from  Dudgeon  and  Ross  ^^) 
I. ;  twenty-four  hours  after  the  first  intraperitoneal  inocula- 
tion with  gonococcus,  II. ;  and  ten  days  after  the  third 
treatment,  III. 


Microxycyt«6  (neutrophiles) 
Megoxycytes  (eosinophiles) 

Macrophages    

Small  lymphocytes 




^---—.-.=z 

I. 

11. 

III. 

••4% 

86% 

1.6% 

3% 

•% 

t9-4% 

1-4% 

9% 

32% 

94.2% 

4% 

47% 

Digitized  by 


Google 


IMMUNITY  OF  GUINEA-PIGS  TO   GONOCOCCUS. 


365 


This  comparative  table  shows  graphically  the  gradual 
recovery  of  normal  conditions  after  an  intraperitoneal  injec- 
tion brought  about  through  the  almost  complete  destruction 
of  the  microxycytes  by  the  macrophages  and  their  replace- 
ment with  megoxycytes  and  small  lymphocytes. 

As  a  far  more  specific  immunity  is  obtained  by  subcutane- 
ous vaccinations,  this  technic  has  been  employed  in  all  the 
following  experiments : 

Heated  and  living  vaccines.  —  An  investigation  of  the 
comparative  protective  properties  of  living  and  of  heated 
(60®  C.)  vaccines  has  shown  that  each  produced  an  immunity, 
but  the  animals  treated  with  hVing  emulsion  of  gonococcus 
gave  evidence  of  protection  earlier  in  the  course  of  treatment 
and  more  completely  in  the  end.  Not  only  did  they  destroy 
living  gonococci  with  greater  rapidity,  but  they  also  attained 
a  higher  degree  of  tolerance  for  diffused  gonotoxin,  as  is 
shown  in  the  following  temperature  chart : 

Temperature  Chart  No.  5. 
Comparison   of    "  tolerance "   for   gonotoxin   afforded   by   living  and   heated 


,  Curve  of  animal  treated  seven  times  with  living  vaccine  and  then  given 

gonotoxin  (filtrate  from  ascitic  broth  cultures)  intraperitoneally,  one  cubic  centi- 
meter to  fifty  grams. 

— ,  Curve  of  animal  treated  as  above  with  heated  vaccines  and   then 

given  the  same  dose  of  toxin. 

,  Curve  of  normal  animal,  after  receiving  the  same  amount  of  toxin. 
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Minimal    vaccine    dose.  —  To    determine    how    small    an 
amount   of    living    vaccine    may  be    given  and    yet   obtain 
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protection  against  a  fatal  dose  of  culture  A,  pigs  were  injected 
subcutaneously  with  varying  amounts  of  this  culture.  It  was 
found  that  guinea-pigs  receiving  one-eighth  of  the  fatal  dose 
each  time,  in  six  weekly  doses,  or  two-thirds  of  a  culture  in 
all,  were  protected,  as  was  also  an  animal  receiving  one- 
twelfth  of  the  fatal  dose  for  the  same  period,  or  approxi- 
mately one-half  of  a  culture  in  all.  No  immunity,  however, 
was  conferred  by  treatments  with  one-sixteenth  of  a  fatal 
dose  or  three-eighths  of  a  culture  altogether. 

Tabulation  of  animals  immunized  to  gonococcus.  —  With 
the  purpose  of  ascertaining  the  rapidity  and  manner  in  which 
gonococci  are  destroyed  in  immunized  animals  a  series  of 
guinea-pigs  were  inoculated  subcutaneously,  during  six  to 
seven  weekly  intervals  with  one-half  a  culture.  They  were 
then  given  an  intraperitoneal  injection  of  one  culture,  the 
same  dose  that  the  series  of  normal  animals  received,  and 
killed  with  chloroform  at  various  intervals.  The  results  of 
these  experiments  are  outlined  in  the  following  table : 
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The  point  of  greatest  interest  displayed  by  this  table  is  the 
rapidity  and  completeness  with  which  the  gonococci  are  killed 
in  the  blood.  That  there  has  been  an  initial  rush  of  cocci 
from  the  peritoneal  cavity  to  the  vascular  system,  similar  to 
that  occurring  in  normal  animals,  is  indicated  by  the  number 
of  cocci  present  in  the  heart-blood  of  the  animals  sacrificed 
in  ten  minutes.  In  almost  every  instance,  however,  the  heart- 
blood  after  thirty  minutes  is  practically  sterile  instead  of 
swarming  with  cocci  as  in  normal  pigs.  In  two  hours  instead 
of  the  five  hundred  gonococci  per  loop  of  the  normal  pig 
after  a  similar  inoculation,  the  blood  is  either  sterile  or  con- 
tains only  one  or  two  microorganisms  per  loop.  That 
agglutination  of  the  cocci  plays,  in  all  probability,  no  part  in 
blocking  the  **  initial  rush  "  through  the  lymphatics  of  the 
diaphragm  and  the  thoracic  duct  is  indicated  by  a  compari- 
sion  of  the  peritoneal  fluids  of  the  first  two  pigs;  in  the  one 
killed  in  ten  minutes,  the  gonococci  were  almost  entirely  in 
large  clumps  and  yet  there  were  thirty  living  cocci  in  a  loop 
of  heart-blood ;  in  the  other  sacrificed  in  fifteen  minutes, 
although  there  was  little  agglutination  in  the  peritoneal  fluid, 
only  one  gonococcus  was  recovered  from  a  loop  of  the  blood. 
It  is  evident,  then,  that  after  the  same  rapid  absorption  from 
the  peritoneal  cavity,  there  occurs  a  far  quicker  and  more 
complete  destruction  of  the  gonococci  in  the  blood  of  the 
immunized  than  in  that  of  the  normal  animals.  That  this  is 
due  to  the  development  of  specific  immune  bodies  there  is 
every  indication.  As  will  be  shown  in  a  subsequent  article, 
the  serum  of  rabbits  immunized  to  gonococcus  contains  a 
large  amount  of  specific  bactericidal  immune  bodies.  The 
rapidity  of  the  lytic  action  precludes  the  theory  of  its  being 
due  essentially  to  phagocytosis  or  to  the  presence  of  an 
autolysate. 

Peritoneal  fluid  of  immunized  guinea-pigs. —  Cultures  from 
the  peritoneal  fluid  show  that  it  is  practically  sterile  in  eleven 
hours,  denoting  a  more  rapid  bacteriolysis  than  with  normal 
guinea-pigs.  Contrary  to  the  findings  of  Jundel,**  working 
with  immunized  rabbits,  a  typical  Pfeiffer  reaction  of  varying 
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intensity  appeared  in  the  peritoneal  exudate  of  these  immu- 
nized pigs.  As  early  as  ten  minutes  after  inoculation,  the 
gonococci  were  found  in  large  clumps.  In  thirty  minutes  to 
one  hour  the  cocci  took  the  stain  feebly,  in  some  of  the 
clumps  only  a  few  appearing  normal,  the  others  being  reduced 
to  merebitsof  flocculent  pale-staining  matter.  This  disintegra- 
tion continued  until,  after  five  hours,  in  thoroughly  immunized 
animals  not  a  gonococcus  was  to  be  seen  except  here  and 
there  in  leucocytes,  phagocytosis  having  served  apparently 
as  a  means  of  temporary  protection  to  the  microorganism. 
It  is  noteworthy  that  in  the  case  of  an  animal  which  failed  to 
develop  an  immunity  (141),  there  was  an  abundance  of 
cocci  in  the  peritoneal  fluid  in  six  hours  and  also  no  agglutina- 
tion. 

The  , leucocytes  are  practically  the  same  in  character  and  number  as 
those  met  with  in  the  peritoneal  exudate  of  normal  guinea-pigs.  The 
period  of  leucopenia  is  also  similar  in  time  of  advent  and  duration.  In 
these  immunized  animals,  however,  when  the  tide  of  microxycyte  emigra- 
tion sets  in,  there  is  little  chance  for  phagocytosis  as  the  gonococci  have 
been  almost  completely  killed  and  disintegrated  by  the  increased  lytic 
action  of  the  peritoneal  fluid.  From  the  manner  of  the  bacteriolytic 
process,  it  is  probable  that  the  rapid  destruction  of  the  cocci  is  due  here, 
as  in  the  blood,  to  specific  antibodies  and  not  to  the  presence  of  an 
autolysate. 

Omentums  of  immunized  animals.  —  The  principal  points 
of  difference  between  these  omentums  and  those  of  the 
normal  series  is  the  more  active  phagocytosis  of  the 
immunized,  especially  as  regards  the  macrophages,  a  dis- 
tinction which  Buxton^  had  also  found  to  hold  in  work 
with  other  bacteria.  Within  fifteen  minutes  after  inocula- 
tion the  macrophages  have  ingested,  in  some  instances,  hun- 
dreds of  cocci,  whereas  in  normal  guinea-pigs  well-filled 
macrophages  are  not  noticeable  until  about  the  two-hour 
stage.  The  trailers  also  take  up  the  cocci  more  rapidly  and 
in  greater  numbers,  although  this  increased  activity  is  not  as 
marked  as  in  the  round  macrophages.  The  microxycyte 
emigration  takes  place  as  in  normal  animals,  but  in  this  case 
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after  the  destruction  of  the  cocci  is  so  far  advanced  that 
these  leucocytes  can  take  little  or  no  part  in  the  protective 
mechanism.  Further  evidence  that  the^destructive  processes 
are  extracellular  is  presented  by  the  fact  that  within  thirty 
minutes  after  inoculation  the  multitudes  of  cocci  caught  up 
in  the  fibrin  stain  poorly,  and  whatever  free  cocci  there  may 
be  are  generally  found  clumped  together,  pale  and  swollen 
or  reduced  to  granules. 

In  conclusion^  then,  it  may  be  said  that  this  protection 
afforded  to  guinea-pigs  by  subcutaneous  vaccination  is  not 
primarily  phagocytic  or  antitoxic  in  nature,  but  is  due  to  a 
great  increase  in  humoral  bactericidal  antibodies.  Hence, 
through  the  rapid  destruction  of  the  gonococci,  almost  as 
large  a  dose  of  living  gonococci  may  be  borne  as  when  a 
sterile  emulsion  is  injected  into  a  normal  animal. 

IV.  Immunization  experiments  with  meningococcus  and 
M.  catarrhalis. — With  the  purpose  of  determining  whether 
the  immunity  described  above  is  specific,  a  series  of  guinea- 
pigs  were  given  six  to  seven  weekly  subcutaneous  vaccina- 
tions with  meningococcus  and  others  with  M.  catarrhalis  in 
practically  the  same  dosage  as  that  employed  with  gono- 
coccus.  Eight  to  ten  days  after  the  last  treatment  the 
animals  were  inoculated  intraperitoneally  with  the  same 
amount  of  living  gonococcic  emulsion  as  was  used  in  the 
gonococcus-immunized  series.  As  the  important  difference 
between  the  normal  and  gonococcus-immune  animals  was 
the  rapidity  with  which  gonococci  are  destroyed  in  the 
latter,  these  pigs  were  chloroformed  at  intervals  up  to  two 
hours.  The  results  of  the  experiments  with  meningococcus 
are  given  first. 
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374  TORREY. 

Cultures  from  the  heart-blood  of  these  meningococcus- 
immunized  animals  indicate  the  presence  of  a  condition 
practically  identical  with  that  which  we  have  encountered  in 
normal  animals.  Instead  of  the  blood  being  nearly  or  quite 
sterile  after  one  hour  as  in  gonococcus-immunized  animals, 
there  were,  with  one  exception,  from  one  to  three  hundred 
cocci  in  the  loop.  In  the  pig,  in  which  the  count  was 
reduced  to  six,  an  unusual  number  of  actively  phagocytic 
leucocytes  in  the  peritoneal  fluid  suggested  a  possible  local 
Inflammatory  condition.  Except  in  this  instance  there  was 
no  evidence  of  a  more  rapid  destruction  of  gonococci  in  the 
blood  of  meningococcus-immunized  than  in  normal  animals. 
Smears  from  the  peritoneal  exudate  also  presented  marked 
differences  from  those  of  gonococcus-immunized  animals.  In 
no  instance  was  there  a  definite  clumping  of  the  gonococci, 
nor  did  they  lose  their  staining  properties  and  disintegrate, 
as  was  the  case  in  the  peritoneal  fluid  of  the  animals  immu- 
nized to  gonococcus.  In  other  words,  there  was  no  evidence 
of  a  Pfeiffer  reaction  in  this  series  of  experiments,  but  how 
far  such  a  test  may  prove  useful  in  distinguishing  between 
gonococcus  and  meningococcus  has  not,  as  yet,  been  de- 
termined. There  was,  however,  one  point  of  similarity 
between  the  gonococcus-  and  the  meningococcus-immunized 
animals,  and  that  lay  in  an  equal  activity  of  phagocytosis. 
This  was  especially  evident  in  the  examination  of  the  omen- 
tums,  for  the  macrophages  and  **  trailers  **  of  the  meningo- 
coccus-immune  have  taken  up  great  quantities  of  gonococci 
even  fifteen  minutes  after  inoculation.  The  gonococci,  it 
should  be  added,  stained  intensely  both  in  the  fibrin  and 
scattered  on  the  surface  of  the  omentum. 

Guinea-pigs  immunized  to  M.  catarrhalis.  —  Asa  further 
control  of  the  specificity  of  the  phenomena  occurring  in  these 
gonococcus-immunized  animals,  the  results  with  guinea-pigs 
similarly  immunized  with  M.  catarrhalis  and  finally  inocu- 
lated intraperitoneally  with  gonococcus  are  of  interest. 
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376  TORREY. 

As  in  the  meningococcus-immunized  animals,  there  was 
also  in  this  series  no  greater  destruction  of  gonococci  in  the 
blood  than  in  normal  guinea-pigs ;  nor  was  there  the  slight- 
est indication  of  a  Pfeiffer  reaction  in  the  peritoneal  fluid. 
Although  this  series  possibly  contained  an  insufficient  num- 
ber of  experiments  for  a  definite  conclusion,  the  evidence 
indicated  that  there  was  no  greater  or  more  rapid  phago- 
cytosis in  catarrhalis-immunized  than  in  normal  animals. 

Inter-protective  immunization  between  gonococcus  and 
meningococcus  — Wollstein"  has  described  an  inter-protec- 
tive immunization  between  gonococcus  and  meningococcus, 
but,  as  she  suggested,  these  results  may  be  due  to  the  fact 
that  the  immunizing  inoculations  were  given  intraperitoneally. 
My  experiments  lead  me  to  the  opposite  conclusion,  at  least 
as  regards  gonococcus.  Whereas,  four  subcutaneous  injec- 
tions of  gonococcus,  one  cubic  centimeter  of  standard 
emulsion  to  four  hundred  grams  of  weight,  have  invariably 
protected  a  guinea-pig  against  an  ordinarily  fatal  intraperi- 
toneal dose  of  living  gonococcus  (all  four  animals  surviving, 
where  the  controls  died),  two  out  of  three  guinea-pigs 
similarly  immunized  with  meningococcus  and  two  out  of 
four  vaccinated  with  M.  catarrhalis  died,  when  given  intra- 
peritoneally a  like  dose  of  gonococcus.  None  of  the  animals, 
too,  treated  with  meningococcus  or  with  M.  catarrhalis, 
exhibited  any  definite  signs  of  immunity  as  they  suffered  as 
rapid  a  drop  in  temperature  and  the  same  symptoms  of  dis- 
tress as  the  normal  guinea-pigs.  This  peculiarity,  as  regards 
temperature,  is  demonstrated  in  the  following  chart. 
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Temperature  Chart  No.  6. 
Comparison  of    gonococcus-,  meningococcus-,  and    M.  catarrhalis-immunized 
guinea-pigs. 

,  Curve  of  animal  treated  with  gonococcus  vaccine  (four  weekly  subcu- 


taneous treatments)  and  then  inoculated  intraperiloneally  with  living  gonococcus 
emulsion,  one  cubic  centimeter  to  seventy-five  grams. 

,  Curve  of  animal  similarly  treated  with  meningococcus  vaccine  (four 

times)  and  then  given  gonococcus,  one  cubic  centimeter  to  one  hundred  grams. 

,  Curve  of  catarrhalis-immunized  animal    (six  times)  given  gonococcus, 

one  cubic  centimeter  to  one  hundred  grams. 
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SUMMARY. 

The  toxin  of  gonococcus  is  derived  solely  from  the  bodies 
of  dead  and  disintegrated  gonococci. 

That  culture  medium  in  which  there  is  the  greatest  amount 
of  growth,  and  hence  the  ntost  active  disintegration  of  gono- 
cocci, contains  the  largest  amount  of  toxin,  regardless  of  the 
constitution  of  the  medium.  No  immunity  to  gonotoxin 
could  be  induced  in  gUinea-pigs. 

Certain  guinea-pigs,  after  several  injections  of  gonotoxin, 
became  hypersensitive  and  died  suddenly  with  symptoms 
suggestive  of  anaphylaxis. 

Strains  of  gonococcus  diflfer  greatly  in  toxicity. 

In  guinea-pigs  destined  to  recover  after  an  intraperitoneal 
inoculation  of  an  emulsion  of  living  gonococci,  the  number 
of  the  cocci  are  greatly  decreased  in  ten  hours,  but  the  peri- 
toneal fluid  of  those  dying  in  less  than  eighteen  hours  contain 
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378  TORREY. 

great  quantities  of  living  gonococci.  After  twenty  hours, 
whatever  the  outcome,  there  are  few  or  no  gonococci  aHve 
in  the  peritoneal  exudate.  From  the  heart-blood  after  intra- 
peritoneal inoculation,  gonococci  were  recovered  in  greater 
or  less  abundance  up  to  twenty-four  hours.  In  five  minutes 
after  inoculation  there  were  fifty  in  i /140th  of  a  cubic  centi- 
meter, indicating  a  rapid  absorption  from  the  peritoneal 
cavity.  The  maximum  number,  five  hundred,  in  this  amount 
of  blood  was  found  in  two  hours.  From  this  time  there  is  a 
rapid  decrease  in  number  in  recovering  animals,  until  in  ten 
hours  the  blood  is  practically  sterile.  In  animals  up  to 
twenty  hours,  however,  there  may  be  a  large  number  in  the 
blood. 

The  leucopenic  stage  of  the  peritoneal  fluid,  after  intra- 
peritoneal inoculation,  extends  from  the  second  to  the 
seventh  hour.  Macrophages  in  the  peritoneal  exudate 
ingest  gonococci  with  much  greater  avidity  than  the  poly- 
nuclear  leucocytes.  Phagocytosis,  however,  plays  little  part 
in  the  destruction  of  the  gonococci. 

Eosinophilic  leucocytes  occasionally  ingest  a  small  number 
of  gonococci  and  digest  them  in  vacuoles. 

On  the  omentum,  also,  the  macrophages  are  more  actively 
phagocytic  than  the  polynuclears.  The  degree  of  phagocy- 
tosis is  apparently  the  same  whether  the  animal  dies  or 
recovers. 

Guinea-pigs  recover  because  the  body  fluids  contain  suffi- 
cient alexine  to  cause  the  destruction  of  the  gonococci  iii 
about  ten  hours. 

An  infection  with  gonococcus  does  not  take  place  in 
guinea-pigs,  but  they  die  because  ofthe  establishment  of  a 
toxemia.  Living  emulsions  of  the  strain  of  gonococcus 
employed  were  about  four  times  as  toxic  as  the  same  amount 
of  emulsion  rendered  sterile  by  heating  to  55°  C.  for  one- 
half  hour. 

If  a  mixed  infection  occurs,  gonococci  may  be  found  alive 
in  the  peritoneal  exudate  and  blood  fifty  hours  after  inocu- 
lation. 
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This  Strain  of  gonococcus  was  increased,  in  virulence  for 
guinea-pigs,  by  passage  through  these  animals. 

A  certain  degree  of  specific  immunity  to  emulsions  of 
living  gonococci  may  be  induced  by  vaccinations  with  the 
same. 

Guinea-pigs  immunized  by  intraperitoneal  inoculations 
were  protected  against  a  lethal  intraperitoneal  dose  by  fewer 
treatments  than  by  subcutaneous  vaccination. 

Animals  immunized  subcutaneously  with  living  vaccines 
were  protected  earlier  in  the  course  of  treatment  and  more 
completely  in  the  end  than  when  heated  vaccines  were 
employed. 

An  animal  receiving  one-twelfth  of  the  fatal  dose,  for  six 
weekly  subcutaneous  treatments,  was  protected  against  the 
certainly  fatal  dose  for  normal  pigs. 

In  a  series  of  guinea-pigs  immunized  by  subcutaneous 
vaccinations,  gonococci,  absorbed  from  the  peritoneal  cavity, 
were  very  rapidly  destroyed  in  the  blood.  The  heart-blood 
was  practically  sterile  thirty  minutes  after  intraperitoneal 
inoculation.  This  rapid  destruction  is,  in  all  probability, 
due  to  specific  immune  bactericidal  bodies. 

A  Pfeiffer  reaction  of  varying  intensity  occurred  in  the 
peritoneal  fluid  of  these  immunized  animals. 

The  round  macrophages  on  the  surface  of  the  omentums 
of  the  immunized  animals  ingested  gonococci  much  more 
rapidly  and  in  greater  number  than  those  of  normal  animals. 
This  was  also  true,  in  a  less  degree,  of  the  "  trailers.*' 

In  a  series  of  guinea-pigs  immunized  to  meningococcus 
and  also  in  another  immunized  to  M.  catarrhalis,  practically 
no  protection  was  developed  against  gonococcus.  The 
gonococci  were  not  destroyed  more  rapidly  in  the  blood 
than  in  normal  animals,  nor  was  there  a  Pfeiflfer  reaction  in 
the  peritoneal  fluid.  The  macrophages  on  the  surface  of 
the  omentum  of  meningococcus-immunized  pigs  ingested 
gonococci  as  rapidly  as  did  those  of  gonococcus-immunizcd 
animals.  The  macrophages  of  the  catarrhalis-immunized 
animals,  however,  displayed  no  greater  phagocytic  activity 
than  those  of  normal  guinea-pigs. 
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BACTERIOLYSIS  OF  THE  GONOCOCCUS  AND  OF  THE  MEN- 
INGOCOCCUS WITH  NORMAL  AND.  SPECIFIC  IMMUNE 
RABBIT  SERUMS.* 

John  C.  Torrey. 

{J^om  the  Department  of  Experimental  Pathology ^  Loomis  Laboratory^  Cornell 

University  Medical  College^  New  York.) 

In  previotis  communications,  *•  *  the  writer  has  mentioned 
the  fact  that  the  serums  of  rabbits  immunized  to  the  gono- 
coccus  are  rich  in  specific  bactericidal  immune  bodies. 
The  experimental  evidence,  which  both  justifies  this  assertion 
and  also  discloses  the  same  attributes  for  the  meningococcus, 
is  to  be  found  in  the  following  pages. 

It  is  generally  agreed  that  the  Neisser-Wechsberg  plating 
method  *•  *  provides  an  accurate  means  of  determining^ 
quantitatively  in  vitro,  the  bactericidal  potency  of  an  immune 
serum.  This  technic  has  been  used  by  Stern  and  Krote,* 
Laubenheimer,^  Krote  and  Steinberg*  and  others  in  the 
detection  of  specific  bacteriolysins  in  the  serum  of  typhoid 
patients  acutely  ill  or  convalescent;  by  Topfer  and  JafTS® 
and  by  Neufcld  and  HUne  ^  in  studies  of  the  anti-bodies  in 
the  blood  of  patients  sick  or  recovering  from  typhoid  and 
paratyphoid  as  compared  with  those  produced  by  experi- 
mental inoculations ;  by  Wright,*^  by  Shiga  "  and  others  in 
determinations  of  specific  blood  changes  in  man  following 
protective  vaccinations.  These  and  various  other  investiga- 
tions have  shown  that  the  typhoid,  the  paratyphoid  and  the 
dysentery  bacillus  stimulate  the  production  of  specific 
*  Received  for  publicmtion  Oct.  8.  X908. 
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bactericidal  immune  bodies,  as  revealed  by  in  vitro  tests,  as 
do  also  V.  cholerae  and  certain  other  vibrios.  On  the  other 
hand,  repeated  attempts  to  demonstrate,  by  this  method, 
the  presence  of  these  anti-bodies  in  serums  immune  to  such 
Gram-positive  cocci  as  pneumococcus,  streptococcus  and 
staphylococcus  have  led  to  negative  results.  As  regards 
the  Gram-negative  diplococci,  however,  no  experiments  in 
accordance  with  this  method  have  been  reported,  save  a 
brief  note  by  Neisser*  in  reference  to  the  gonococcus  and 
the  preliminary  statements  of  the  writer.  The  positive 
results  for  the  gonococcus  and  the  meningococcus,  described 
herein,  aside  from  a  purely  scientific  interest,  may  be  of 
significance  in  connection  with  the  serum-therapy  of  the 
diseases  which  they  incite. 

The  susceptibility  of  these  diplococci,  especially  the 
gonococcus,  to  unfavorable  physical  and  chemical  condi- 
tions renders  accurate  bactericidal  tests  with  them  a  pathway 
beset  with  pitfalls.  These  experiments  have  been  conducted 
for  a  year  and  a  half,  and  a  considerable  part  of  that  time 
has  been  employed  in  overcoming  difficulties  and  develop- 
ing a  technic  which,  if  rigorously  followed,  would  lead  to 
uniform  and  consistent  results.  As  the  method  adopted  is 
somewhat  complicated  and  contains  many  details,  which  it 
is  essential  to  observe,  the  various  steps  are  described  at 
length. 

Methods.  —  According  to  the  Neisser-Wechsberg  technic  a  few  drops 
of  broth  are  added  to  each  tube  containing  the  dilutions  of  activated 
immune  serum,  seeded  with  a  definite  amount  of  bacteria,  and  also  to  the 
controls.  Hiine  "  found  that  for  B.  typhosus  and  V.  cholerae  the  opti- 
mum proportion  of  broth  was  one  part  to  six  parts  of  the  whole  mixture. 
Although  this  degree  of  enrichment  is  quite  sufilicient  to  sustain  the 
vitality  of  these  microorganisms,  it  is  inadequate  for  the  gonococcus. 
Experiments  showed  that  each  tube  must  be  provided,  not  only  with 
broth,  but  also  with  a  definite  amount  of  serum.  The  following  mixture 
was  finally  adopted  for  the  tube  containing  necessarily  the  minimum 
enrichment,  viz. :  the  control  of  the  seeding  of  culture.  Serum  broth  was 
first  prepared  by  adding  one  cubic  centimeter  of  inactivated  normal 
rabbit  serum  to  fifteen  cubic  centimeters  of  **  Thalmann's  "  broth  (reac- 
tion -f-  I  to  phenolphthalein) .  Of  this  rabbit  serum  broth,  one  cubic  centi- 
meter was  added  to  three  cubic  centimeters  of  .9  per  cent  normal  saline 
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solution.  In  this  mixture,  with  serum  broth  present  in  the  proportion  of 
one  to  four,  the  strains  of  the  gonococcus  employed  generally  increased 
slightly  in  four  to  five  hours,  decreasing  rarely  and  in  negligible  degree,  and 
in  eighteen  hours  multiplied  sufliciently  to  cloud  the  mixture.  The 
criticism  might  be  raised  that  the  use  of  this  amount  of  inactivated 
normal  serum  for  enrichment  would  influence  the  results  obtained,  by  the 
introduction  of  other  elements  into  the  experiments,  such  as  extraneous 
intermediate  bodies.  As  regards  the  tests  with  the  reactivated  immune 
serums,  a  number  of  points,  as  for  example  the  well-defined  and  con- 
sistent non-killing  post-zones,  show  that  this  factor  is  of  no  significance. 
Certain  control  experiments  with  fresh  normal  serums,  however,  seemed  to 
indicate  that  their  bactericidal  titer  for  the  gonococcus  may  be  increased, 
in  slight  degree,  by  the  presence  of  this  inactivated  normal  serum,  but 
not  so  far  as  to  interfere  with  the  comparative  value  of  the  tests. 

As  is  indicated  in  the  following  chart  (Table  I.)  the  two  constant 
elements  in  all  the  mixtures  employed  in  these  tests  are  the  one  cubic 
centimeter  of  serum  broth  and  the  one-half  cubic  centimeter  of  the  emul- 
sion of  the  diplococcus  in  saline  solution.  The  other  elements  (diluted 
active  or  inactive  immune  serum  and  diluted  fresh  normal  serum)  were 
added  in  one-cubic-centimeter  amount,  as  the  purpose  of  the  test  required, 
and  .9  per  cent  salt  solution  in  amount  suflicient  to  bring  the  whole  to 
four  cubic  centimeters.  The  object  of  this  chart  is  the  avoidance  of 
needless  repetition  and  by  reference  to  it  the  constituents  and  their 
proportions  in  any  test  mentioned  in  the  following  tables  may  be 
determined. 


Table  I. 

Chart  shoiving  the  elements  and  their  proportions  as  they  occurred  in  tests 
mentioned  in  subsequent  taffies. 


Mixtures. 


Tcsi  of  fresh  (active)  immune 
scrum 

Test  of  heated  and  reactivated 
immune  serum 

/"Test  of  inactivated^  i  m  . 
mune  serum  without 
compfement 

^'  <  Test  of  fresh  normal  se- 
Q  1      rum  (complement) 
U 

I  Test  of  emulsion  of  bac- 
teria used  in  seeding  ..#. 
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The  immune  serums  were  produced  in  rabbits  according  to  methods 
which  have  been  described  in  previous  articles.  In  general  the  animals 
had  received  seven  to  nine  inoculations  at  the  time  of  bleeding,  which 
was  performed  eight  to  ten  days  after  the  last  inoculation.  The  serums 
were  inactivated  by  heating  in  a  water  bath  at  550  to  560  C.  for  one-half 
hour  and  kept  on  ice.  No  preservative  was  added  and  no  trouble 
encountered  from  contamination. 

For  complement,  a  normal  rabbit  was  bled  from  the  ear  about  eighteen 
hours  before  the  experiment  and  the  clotted  blood  kept  on  ice  until  the 
time  of  use.  The  serum  was  diluted  and  added  to  the  tubes  as  rapidly 
as  possible.  If  a  large  number  of  tubes  are  to  be  supplied,  the  flask  con- 
tainrng  the  diluted  fresh  normal  serum  should  be  packed  in  ice  —  a  pro- 
cedure which  was  found  desirable  in  connection  with  the  **  fixation  of 
complement "  experiments. '• 

The  cultures  used  in  these  tests  have  all  been  under  cultivation  on 
ascitic  agar  for  over  two  years.  The  differences  in  virulence  and  rapidity 
of  multiplication  of  the  gonococcus  strains  were  not  marked.  Mention  is 
made  of  this  fact  because  HUne  "  has  stated  that  virulent  strains  of  B. 
typhosus  and  V.  cholerse  multiply  faster  and  are  more  resistant  than  the 
avirulent  to  destructive  agents  in  serum.  It  is  probable  that  uniform 
results  with  freshly  isolated  cultures  of  the  gonococcus  would  be  obtained 
with  great  difficulty,  because  of  their  marked  sensitiveness  to  unfavorable 
conditions. 

A  standard  emulsion  of  the  diplococci  for  seeding  the  tubes  was 
obtained  in  the  following  way.  Growth  from  an  eighteen-hour  ascitic 
agar  culture  was  taken  in  amount  sufficient  to  cloud  very  slightly  five 
cubic  centimeters  of  saline  solution.  It  was  necessary  to  vary  the  degree 
of  cloudiness  for  various  strains,  on  account  of  differences  in  the  number 
of  living  cocci  in  a  like  amount  of  growth.  Such  variations  precluded  the 
seeding  of  the  tubes  with  a  fixed  amount  (by  weight)  of  growth.  This 
five-cubic-centimeter  emulsion  was  then  poured  into  a  flask  containing 
two  hundred  cubic  centimeters  of  sterile  .9  per  cent  saline  solution,  and 
.the  whole  thoroughly  shaken.  Each  half  cubic  centimeter  would  then 
contain  from  forty  thousand  to  two  hundred  thousand  diplococci  The 
process  of  seeding  the  tubes  should  not  occupy  more  than  ten  minutes,  as 
after  that  period  the  diplococci  begin  to  die  out  more  or  less  rapidly. 

In  making  the  mixtures,  the  required  amount  of  saline  solution  (suf- 
ficient to  bring  the  completed  mixture  to  four  centimeters)  was  placed  in 
a  five-inch  test-tube.  Next  was  added  the  serum  broth,  then  the  dilution 
of  the  serum  to  be  tested  and  the  complement  and  finally  one-half  cubic 
centimeter  of  the  emulsion  of  diplococci.  After  each  addition  the  tube 
was  well  shaken.  The  tubes  containing  the  various  mixtures  were  then 
placed  in  an  incubator  at  a  temperature  of  36^  to  37°  C. 

As  it  is  necessary  to  use  some  .such  medium  as  ascitic  agar  in  plating, 
the  process  is  rather  more  complicated  than  is  plating  as  ordinarily  con- 
ducted.    Agar,  made  according  to  the  method  of  Thalmann  and  titrated 
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+  1.2  to  phenolphthalein,  was  tubed  in  eight-cubic-centimeter  amounts. 
Just  before  the  experiment  these  were  melted  and  cooled  to  about  500  C, 
and  to  each  was  added  three  cubic  centimeters  of  ascitic  fluid  heated  to 
the  same  temperature.  Until  used  the  ascitic  agar  tubes  were  placed  in  a 
water  bath  with  a  temperature  sufficient  to  prevent  solidification.  The 
mixtures  were  plated  out  after  an  incubation  of  four  and  one-half  hours. 
A  tube  was  thoroughly  shaken  and  one-half  cubic  centimeter  withdrawn 
and  placed  in  a  sterile  petri  dish.  Over  this  was  quickly  poured  the 
eleven  cubic  centimeters  of  ascitic  agar,  which  had  been  cooled  until  only 
slightly  warm  to  the  hand,  and  the  whole  thoroughly  mixed.  For  each 
tube  in  the  experiment  a  fresh  sterile  one-half  cubic  centimeter  pipette 
was  used.  It  would  seem  that  the  plating  out  of  one-half  cubic  centimeter 
from  each  of  the  seeded  tubes,  instead  of  a  certain  number  of  drops,  as 
recommended  by  Neisser,  is  conducive  to  greater  accuracy. 

After  the  plates  had  solidified,  they  were  placed  (inverted)  in  the  incu- 
bator, as  were  also  the  tubes  containing  what  remained  of  the  mixtures. 
Although  in  eighteen  to  twenty-four  hours  the  colonies  at  times  attained  a 
sufficient  size  to  permit  counting,  it  should  be  deferred  until  forty-eight 
hours,  as  the  stronger  dilutions  of  the  immune  serums  often  exercise  a 
marked  inhibitory  influence.  Plates  made  from  these  tubes,  apparently 
almost  sterile  in  twenty-four  hours,  may  show  a  multitude  of  colonies  on 
the  second  day.  Hiine  *'  and  others  have  encountered  like  inhibitory 
conditions  in  these  plating  experiments.  Plates  containing  less  than 
ten  thousand  colonies  were  counted  with  a  reasonable  degree  of  accuracy, 
above  that  number  the  figures  given  are  in  a  larger  measure  approximate. 

In  investigations  of  this  character  controls  are  of  the  utmost  importance. 
These  should  include:  (i)  a  control  tube  indicating  the  number  of  bac- 
teria seeded,  from  this  tube  platings  should  be  made  at  once  and  again 
after  the  period  of  incubation  to  detect  any  numerical  change  in  bacterial 
content ;  (2)  a  control  tube  indicating  the  degree  of  destructive  action  of 
the  amount  of  fresh  normal  serum,  alone,  used  to  reactivate  the  immune 
bodies ;  (3)  a  control  tube  showing  the  degree  of  inhibitory  action  of  the 
strongest  dilution  of  inactivated  immune  serum  alone ;  (4)  plates  control- 
ling the  sterility  of  the  various  elements  in  the  experiment.  Controls  of 
sterility  are  not  recorded  in  the  tables  as  the  inactivated  serums  and  the 
firesh  normal  serums  proved  almost  without  exception  to  be  sterile.  The 
detection,  in  fact,  of  any  contamination,  occurring  during  the  course  of 
these  experiments,  was  not  difficult,  thanks  to  the  characteristic  appear- 
ance of  the  gonococcus  and  the  meningococcus  colonies. 

Bacteriolysis  with  the  fresh  serum  of  normal  fabbits.  — 
Many  investigators  have  found  that  normal  rabbit  serum 
may  be  quite  strongly  bactericidal  for  certain  bacilli  and 
vibrios.  This  lytic  action  may  be  manifest  for  B.  typhosus 
and  B.  paratyphosus  in  as  high  dilutions  as   i-io  to   1-30, 
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and  for  V.  cholerae  asiaticae  at  still  greater  weakening  (Top- 
fer  and  Jaffe,®  Buxton/'  HUne^*),but  for  Micrococcus  gon- 
orrheas and  Diplococcus  intracellularis  meningitidis  no 
accurate  quantitative  estimations  have  hitherto  been  reported. 
It  is  evident,  however,  that  in  order  to  conduct  tests  in  the 
reactivation  of  serums  immune  to  these  diplococci,  their 
degree  of  susceptibility  to  fresh  normal  serum  itself  should 
be  determined. 

As  has  been  frequently  reported,  apparently  normal  rab- 
bits differ  greatly  in  the  bactericidal  potency  of  their  fresh 
serums.  Accordingly,  it  seemed  advisable  to  set  aside  a 
number  of  normal  animals  and  to  titrate  accurately  the 
strength  of  their  complement.  Not  only,  however,  were 
there  found  to  be  differences  in  the  serum  potency  of  indi- 
vidual rabbits,  but  also  changes  occurred  from  time  to  time 
in  the  same  animal.  During  the  fall,  winter,  and  spring 
these  variations  were  not  marked,  but  with  the  advent  of  the 
hot  summer  months  a  decrease  in  strength  of  one-half  to 
one-third  was  not  uncommon.  The  irregularities  at  this 
time  became  so  marked  that  the  successful  reactivation  of 
immune  serum  was  a  matter  of  great  difficulty.  Cohn  ^*  has 
also  noted  that  fresh  normal  serum  is  more  strongly  bacterici- 
dal in  winter  than  in  summer.  This  is  due,  he  thinks,  to  the 
temperature  of  the  air  and  not  to  food  or  other  factors. 

In  the  following  table  are  given  the  results  with  the  fresh 
serum  of  two  normal  rabbits:  one  (Rabbit  No.  4)  with  a  low 
bactericidal  titer;  and  another  (Rabbit  No.  5)  in  which  it  is 
rather  high. 
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Table 

Bactericidal  action  of  fresh  normal  rabbit 

and  on  one  strain  of  the  meningococcus. 


II. 

serum  on  six  strains  of  the  gonococcus 
Rabbit  No.  4,  weak  ;  No.  j,  strong. 


Dilutinntof  Preth 
Normal  Rabbit 
Serum. 

< 

0     -c 

oua< 

0 

OQ 

1 

5 

1 

5 

6 

B 

X 

9 

5 

5 

Meningococcus. 

I.  Rabbit  No.  4,1^ 

1-8 

0 

1 

3 

135 

13 

100 

.  I 

a.        "           "   i-io 

1-40 

35 

330 

40 

390 

1.900 

8,500 

300 

3.        ••          "   i-as 

l-IOO 

700 

3.150 

I30 

35,000 

30,000 

3.000 

4.        ••          ••   i-so 

I-30O 

10,500 

30,000 

30,000 

35,000 

17,000 

30/)00 

10,000 

5.        "          "   1-80 

1-330 

35,000 

30,000 

35.000 

35,000 

30,000 

30,000 

10,000 

6.        «•          "    1-150 

I-^OO 

35,000 

30,000 

- 

- 

- 

- 

- 

7.  Seeding,  Control 

— 

35,000 

30,000 

35.000 

35.000 

30,000 

30,000 

10,000 

Control  seeding,  plated  at  once.    A, 
,  30,000;  meningococcus,  10,000. 


35,000;  B,  40,000;  C,  35,000;  G,  15,000;  H,  30,000; 


Dilutions  of  Fresh 
Normal  Rabbit 
Serum. 


Rabbit  No.  5,  1-3 
»«  i-io 
**  1-35 
"  1-50 
"  i-«o 
"    1-150 

Seeding,  Control 


le  . 
see 

;<l 

0Q 

d 

0 

S-S 

t 

e 

I'sS 

C9% 

oua« 

3 

a 
"3 

2 

9 

< 

0 

5 

U 

0 

1-8 

0 

0 

0 

0 

1-40 

0 

0 

0 

300 

I-lOO 

7 

1 

310 

2SfiOO 

1-aoo 

35 

70 

400 

aS,ooo 

1-330 

1,130 

150 

1.500 

38,000 

1-^00 

10,000 

30,000 

30,000 

- 

- 

33,000 

30,000 

3S.00O 

3S,000 

X 


7 
3,800 
3.150 
35.000 

30/)00 
30,000 


160 

1,300 

30,000 

30,000 

30,000 


S 


50 

350 

1.050 

3,800 

34.000 

35.000 


Control  seeding,  plated  at  once.  A,  33,000;  6,30,000;  C,  35iOoo;  G,  17,000;  H,  30,000; 
I,  17,000;  meningococcus,  15,000. 

Two  points  in  this  tabulation  are  noteworthy.  First,  that 
these  diplococci,  in  general,  are  decidedly  susceptible  to  the 
bactericidal  action  in  vitro  of  fresh  normal  serum,  and 
second,  that  certain  strains  are  much  more  sensitive  than 
others.  The  more  susceptible  strains  are  A,  B,  and  C ;  the 
hardier,  G,  H,  I.  This  grouping  is  significant  from  the  fact 
that  previous  experiments  in  agglutination  ^  and  in  '*  fixation 
of  complement "  ^*  have  indicated  the  diversity  of  these  two 
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sub-groups.  The  susceptible  strains  apparently  are  ten  times 
more  readily  destroyed  by  fresh  normal  rabbit  scrum  than 
B.  typhosus,  culture  A  suffering  some  destruction  with  No.  S 
serum  diluted  1-150,  and  with  a  still  more  potent  rabbit 
serum  at  1-300.  The  culture  of  meningococcus,  used  in 
these- experiments,  reacted  to  fresh  normal  serum  in  a  way 
similar  to  the  more  resistant  gonococcic  strains  G,  H,  and  I. 
Fresh  immune  serums.  —  Theoretically,  one  would  expect 
that  a  serum  immune  to  the  gonococcus,  when  tested  fresh 
in  vitro  and  without  extraneous  complement,  would  have 
approximately  the  same  bactericidal  titer  for  this  diplococcus 
as  the  average  fresh  normal  serum.  The  accompanying  tab- 
ulation (Table  III.)  of  the  results  of  a  series  of  tests  with  the 
fresh  serum  from  a  rabbit  undergoing  inoculations  with 
culture  A  substantiates  this  expectation.  In  this  and  the 
following  tables  it  should  be  observed  that  the  dilution  of 
the  serum,  indicated,  is  really  only  one-fourth  of  the  actual 
dilution  in  the  experiments,  because  of  the  other  elements  in 
the  mixtures  (saline  solution,  serum  broth,  etc.). 


Table  III. 

Bactericidal  action  of  serum  drawn  at  various  periods  from  a  rabbit  under' 

going  inoculations  with  gonoeoccus  A.     Serum  tested  fresh. 


Dilutions  of  Serum  from 
Rabbit  386. 


I.  i-a  

a.  »-5 

3-  >-aS 

4-  >-5o 

5.  I-7S 

6.  i-ioo 

7.  i-"S 

8.  1-150 

9.  I-KX) 

10.  Control  needing 


B.t: 

1-^ 


60 
140 
1,050 
11,000 
aOfOoo 
25,000 
35,000 
35,000 


oi 

e  w 

m 


IS 
aio 

13,000 

35,000 
35,000 
35,000 
35,000 
35,000 


o 

3» 

^.560 

30/)00 
3S,000 

30,000 
30,000 
30,000 
30,000 


is 


o 

3.5«> 
11,000 

ia.5«> 
15,000 
19,000 
19,000 
19,000 
19,000 


11 
ill 


33 

910 

3.380 
35,000 


CJS 


6,190 

U),O0O 

16,000 
17,000 
16,000 
35,000 


Se 
BS-5 


0 

90 
15.500 

3S.<»a 

3S,POO 

35.000 
35.000 

35.000 
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Up  to  the  fifth  inocolatton  there  occurred  a  progressive 
drop  in  the  specific  bactericidal  action  of  this  fresh  immune 
serum,  a  sudden  rise  after  the  seventh,  followed  by  irregular 
increase  and  decrease  to  the  fifteenth  inoculation.  It  seems 
reasonable  to  suppose  that  these  variations  are  due  to 
changes  in  the  complement  content  of  the  rabbit's  blood 
rather  than  to  fluctuations  in  the  number  of  immune  bodies. 
This  is,  evidently,  true  from  the  fact  that  immune  bodies 
were  found  to  be  present  in  great  abundance  in  the  inacti- 
vated serum,  drawn  after  the  fifth  inoculation,  yet  the  killing 
titer  of  this  serum,  when  active,  was  only  one-fourth  that  of 
the  normal.  Again,  the  fresh  serum  after  the  seventh 
inoculation  was  far  more  bactericidal  than  after  the  fifth, 
and  yet  contained  rather  fewer  immune  bodies.  According 
to  the  experiments  of  Buxton,"  fresh  immune  typhoid  and 
paratyphoid  serum  may  or  may  not  be  specifically  bacteri- 
cidal, depending  to  a  certain  extent  on  the  number  of  the 
inoculations.  He  found  that  after  the  first  inoculation  the 
"killing  zone"  might  rise  rather  higher  than  with  the  normal 
serum,  but  with  succeeding  inoculations  a  prezone  appeared, 
in  which  there  was  no  bactericidal  action,  and  this  broaden- 
ing finally  reached  the  non-killing  post-zone.  Thus,  after 
the  fourth  or  fifth  inoculation  the  fresh  immune  serum  was 
noi  specifically  bactericidal  in  vitro  at  any  dilution.  With 
fresh  antigonococctc  serum,  apparently,  the  results  are  quite 
diflerent,  as  no  prezone  has  appeared  at  any  stage  of  immu- 
nization and  tttere  is  always  a  more  or  less  extensive  killing 
zone.  In  these  respects  this  serum  resembles  fresh  cholera 
inrmiune  serum.  The  low  specific  killing  titer  of  these  fresh 
tnnnane  servnos  is  certainly  not  d0e  to  a  poverty  of  immune 
bodies,  but  rather  to  the  fact  that  in  the  graded  dilutions  a 
point  is  soon  reached  at  which  the  complement  is  depleted 
to  such  an  extent  that  it  is  entirely  deflected  by  the  plethora 
of  immune  bodies. 

The  serum  of  a  rabbit  inoculated  nine  times  with  men- 
ingococcus (Table  IV.),  when  tested  fresh,  had  certainly  no 
stronger  specific  bactericidal  actioit  than  normal  serum.     It 
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also  reacted  on  gonococcus  A  to  the  same  degree  as  fresh 
normal  serum. 

Table  IV. 

Bactericidal  action  of  fresh  meningococcic  serum  on  the  meningococcus  and  the 

gonococcus  A. 


Dilutions  of  Fresh 

(Active)  Meningococcic 

Serum. 


I-    «-5 

2.      I-IO 

3-     1-25 

4.   1-50 

5.  1-100    

6.  1-250 

7.  1-500 

8.  1-1,000 

9.  G)ntrol  seeding  . 


Culture  Men- 
ingococcus, 
Plated  in  4^^ 
Hours. 


350 

280 

4,900 

3,500 

12,000 

13,000 

13,000 

12,500 

30,000 


Tubes  in  34 
Hours. 


No  growth. 


Growth. 


Culture  Gono- 
coccus A, 
Plated  in  4^ 
Hours. 


50 

4 

9 

200 

40,000 

40,000 

40,000 

40,000 

40,000 


Tubes  in  34 
Hours. 


No  growth. 


Growth. 


Control  seeding,  plated  at  once.    Meningococcus,  5,000;  gonococcus  A,  ao,ooo. 

Reactivation  of  immune  serums. — The  Neisser-Wechs- 
berg  method  for  the  quantitative  determination  of  specific 
bactericidal  immune  bodies  consists  essentially  in  the  use  of 
graded  dilutions  of  the  inactivated  immune  s'erum  in  con- 
junction with  a  fixed  amount  of  complementing  serum.  By 
far  the  most  difficult  feature  in  such  experiments  with  the 
gonococcus  is  the  determination  and  the  employment  of  the 
proper  amount  of  complement.  If  complement  is  present 
in  too  great  abundance  the  specific  action  of  the  inactivated 
immune  serum  will  be  masked  by  the  bacteriolysis  of  the 
fresh  normal  serum  itself,  while  if  the  amount  be  too  small 
the  immune  bodies  will  fail  of  reactivation.  As  Neisser 
and  others  have  proved,  for  the  optimum  specific  bacteri- 
cidal action,  complement  s^nd  amboceptor  must  be  in  right 
relation. 
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Experiment  to  demonstrate  the  proper  relation  of  com- 
plement and  immune  body.  —  Although  von  Nadoleczny  *® 
has  found  that  the  bactericidal  properties  of  a  fresh  normal 
serum  may  stand  in  no  direct  relation  to  its  complementing 
properties,  in  these  experiments  the  one  seemed  to  serve  as 
a  useful  index  of  the  other,  viz.,  it  was  found  necessary  in 
reactivation  to  use  a  larger  dosage  of  a  normal  serum  weak 
in  bactericidal  properties  for  the  gonococcus  than  of  one 
strongly  bacteriolytic.  In  order  to  determine,  then,  the 
amount  of  a  fresh  normal  serum  which  would  reactivate  a 
given  number  of  immune  bodies  and  yet  not,  in  itself, 
destroy  more  than  a  negligible  number  of  the  gonococci 
seeded,  the  following  experiment  was  performed.  To  a 
constant  dilution  of  inactivated  immune  serum  and  seeding 
of  gonococcus  A  were  added  graded  dilutions  of  fresh 
normal  serum.  Parallel  with  this  another  series  was  run 
with  the  same  dilutions  of  complement,  but  with  the  immune 
serum  replaced  by  normal  saline  solution.  The  results  are 
given  in  Table  V. 
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Tablh  V. 
Knperiment  to  shaw  iht  ^pHmum  ratio  of  compUmtmt  (0  immune  My. 


Inactivated 
Immune  Se. 

rum  from 

Rabbit  No. 

361  Inoculated 

with  Gono. 

coccus  A. 

rum    from  Nor. 
mal  Rabbit  No. 

1 

I 

J 

« 
• 

J        e  C 
3        0  § 

3        oS 

;      0 

Tubea  in  $4 
Hours. 

Controls  %{  Com. 
Dlemrntused  in 
Test.  SameDi. 
lutions. 

li 

0 

Tubo*  in  a4 
Hours. 

I.    1-1,000.... 

1/40  •  cc. 

J 

V.         I 

Very    slight 
growth. 

1/40   cc. 

40 

Good  growth. 

a.    1-1,000.... 

I/4S    " 

I 

Very    slight 
growth. 

1/45     •' 

S^ 

II           II 

3.     l-l/XX).... 

i/So    " 

•             a 

Slight  growth. 

1/50    " 

a,8oo 

««           t* 

4.    1-1,000.... 

i/SS    " 

«              I 

Pair  growth. 

«/55    " 

4,aoo 

II           ti 

S.    1-1,000,... 

1/60    ♦• 

4 

f<         t< 

1/60    " 

10,000 

II                   M 

6.    1-1,000.... 

1/65    •• 

• 

17 

4<                  II 

1/65     •• 

14,000 

II                  «« 

7.    1-1.000..., 

1/70    " 

70 

M             i< 

I/TO    ** 

1S.0QO 

l«                  II 

8.    1-1,000.... 

•/7S    " 

36 

1*             II 

I/7S     •• 

15,000 

<l                   41 

9.    1-1,000.... 

1/80    «• 

•          U9fiO 

l«             u 

1/80    •• 

•5.O0O 

11                    II 

10.    1-1,000.... 

1/90    " 

*        1.190 

11           II 

1/90    " 

•S»OOD 

II                    II 

11.    1-1,000.... 

i/ioo  *• 

•       6,300 

Good  growth. 

.1/100  " 

»5.0QO 

11                    II 

13.      I-l,OCO. ... 

i/iio  '• 

7.000 

II           II 

i/iio  *• 

15.000 

II                    <l 

13.      1-1,000.... 

i/ias  - 

*      10.500 

11           i< 

i/ia5  " 

15.000 

II                     M 

14.      1-1,000.... 

1/150  " 

*      i5»ooo 

ti           II 

1/150  •• 

15,000 

II                     II 

15.    1-1,000.... 

i/aoo  •• 

'      15.000 

II           11 

i/aoo  •• 

15,000 

II                     II 

Control  seeding,  plated  at  once,  la.ooo;  in  four  and  one- half  hours,  15,000. 

A  comparison  of  the  figures  in  the  fourth  and  seventh 
columns  of  this  table  indicate  that  activation  was  evident 
with  a  dilution  of  complement  approximately  three-fourths 
as  high  again  as  the  dilution  at  which  the  fresh  normal  serum 
alone  first  failed  to  cause  any  diminution  of  the  gonococci ; 
and  also  that  the  dilution  of  complement  best  adapted  for 
the  detection  of  the  immune  bodies  in  this  antigonococcic 
serum  is  at  that  point  where  the  fresh  normal  serum  alone 
begins  to  show  a  slight  destructive  action.  As  other  like 
experiments  confirmed  this  result,  this  optimum  dilution  was 
determined  for  the  various  normal  rabbits  and  used  in  the 
activations. 
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The  time  element  in  the  bacteriolysis.  —  It  has  been  deter- 
mined that  three  hours'  incubation  is  sufficient  for  the  bac- 
teriolysis of  cholera  in  experiments  of  this  character,  while 
with  typhoid  and  paratyphoid  bacilli  it  is  advisable  to  carry 
out  the  plating  after  an  incubation  of  about  five  hours.  For 
the  gonococcus  the  proper  time  of  plating  is  dependent  in  a 
measure  upon  the  amount  of  complement  used  in  the  reacti- 
vation of  the  immune  serum ;  if  so  strong  as  to  cause  alone 
a  marked  destruction  of  the  gonococci,  the  bactericidal 
action  with  the  reactivated  immune  serum  is  complete 
within  an  hour;  on  the  other  hand,  if  present  in  so  small 
amount  as  to  have  no  bacteriolytic  effect  by  itself,  but  suffi- 
cient to  cause  a  certain  amount  of  reactivation,  the  bacteri- 
cidal action  proceeds  slowly  and  is  still  taking  place  at  eight 
hours.  If  the  complement  is  of  such  an  amount  as  to  cause 
optimum  reactivation,  but  only  slight  destruction  by  itself, 
the  plating  may  properly  be  carried  out  at  some  time  after 
three  hours.  Four  and  one-half  hours  was  chosen  as  giving 
a  margin  of  safety. 

Activated  immune  serums.  —  In  the  following  tables 
(Tables  VI.  and  VII.)  are  given  the  results  of  typical 
experiments  with  a  reactivated  gonococcic  and  a  meningo- 
coccic  immune  serum.  In  the  first  column  are  placed  the 
dilutions  of  the  inactivated  immune  serum  —  each  one- 
fourth  the  final  dilution  under  the  conditions  of  the  experi- 
ment. In  the  second  column  is  given  the  amount  of  fresh 
rabbit  serum  used  for  reactivation,  and  in  the  last  two 
columns  are  described  the  appearance  in  twenty-four  and 
also  forty-eight  hours  of  the  various  mixtures  from  which 
the  platings  were  made.  **  Control  complement  **  indicates 
the  effect  on  the  diplococci  of  the  amount  of  fresh  normal 
serum  used  in  reactivation. 
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Table  VI. 
Biuterioiysis  of  gonococcus  A  by  its  specific  serum. 


Inactivated  Immune  Serum 
from  Rabbit  Inoculated  with 
Gonococcus  A,  8  times. 


i-S- 


«-aS 

1-50 

i-ioo 

1-500  .... 
1-1,000  .. 

8.  1-3,000  .. 

9.  1-5,000  .. 

10.  1-10,000  . 

11.  1-35,000  . 
I  a.  1-50,000  . 
13.    1-100,000 


14.  Control  Complement 

15.  "      Culture  A  Seeding. 


Complement 
Fresh  Serum 
from  Normal 
Rabbit  No.  6. 

si 

1 

•is 

1/75  cc. 

A. 

IO/XX> 

««     <( 

«( 

S.O0O 

1<         M 

«i 

».S40 

«         l< 

«i 

^ 

"         " 

tt 

9a 

«         (1 

M 

3 

(t         fl 

<1 

6 

4«        « 

«f 

88 

4«        «l 

<« 

aSo 

«         <« 

«« 

700 

(•        It 

(« 

4,aoo 

««        (1 

«« 

5.000 

f<        <l 

44 

6,300 

i/?5  cc. 

A. 

7,000 

— 

«< 

15,000 

Tubes  in  %\ 
Hours. 


Slight  growth. 
Veryslightgrowth. 


<4  41 


Slight  growth. 

44  44 

44  44 

Good  growth. 


Good  growth. 


Tabes  in  4S 
Hours. 


Good  growth. 


Good  growth. 


Control  seeding,  plated  at  once,  ia,ooo;  media  and  sera,  o. 
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Table  VII. 
Bacteriolysis  of  a  meningococcus  culture  by  its  specific  serum. 


Inactivated  Im. 
mune  Serum 
from  Rabbit  Inocu- 
lated with  Menin. 
gococcQS,  9  tiroes. 

Complement 
Fresh  Serum 
from  Normal 
Rabbit  No.  6. 

Culture. 

a 

ll 

0 

Tubes  in  24 
Hours. 

Tubes  in  4S 
Hours. 

l/'anpt^. 

Meningococcus. 
44 

44 
44 
44 

44 
44 

44 

9,440 

4,aoo 

i,a6o 

333 

17a 

306 

490 
1.890 

7,000 
7,000 

Slight  growth. 

4t                     44 
44                     (4 

Very  slight  growth. 

44                 t4                  44 

Fair  growth. 
44           44 

Good  growth. 

«4                     4« 

Fair  growth. 
44         If 

a     I— 10  ••■••••••* 

t         41 

«      «< 

<         (4 
4         4« 
4          44 

t.    i-a<  .......... 

Good  growtli. 
44         44 

44                 4t 

4.    I-IOO 

6.  1-1,000 

7.  i-a,ooo 

8.  i-S/XJO 

9.  1-10,000 

10.  i-as/xx) 

11.  1-50,000 

44                 44 

«•                 «( 

14                 44 
44                 41 

I  a.    Control   Com- 
plement .... 

13.  Control    Cult- 

ure Seeding . 

14.  Meningococcus 

Serum  1-5... 

\/ao  cc. 

Meningococcus. 

7,000 
100,000 
aa,ooo 

Good  growth. 

«4                     «4 
(4                     t4 

Good  growth . 

44                 t4 
ft                 14 

Control  seeding,  plated  at  once,  i  a,ooo. 

The  bacterial  counts  in  these  tables,  especially  that  with 
the  gonococcus,  parallel  very  closely  those  obtained  in 
similar  experiments  with  typhoid  and  paratyphoid.  This 
particular  gonococcic  serum  was  rich  in  immune  bodies, 
killing  as  it  did  an  actual  dilution  of  1-40,000.  As  has  been 
demonstrated  by  Neisser  and  Wechsberg'  and  others,  the 
extent  of  the  prezone  is  dependent  upon  the  degree  in 
which  the  immune  bodies  are  present  in  excess  of  the  com- 
plementing elements.  In  the  first  tube,  apparently,  as  noted 
in  other  instances,  they  were  so  far  in  excess  as  to  abort  in 
a  measure  the  bactericidal  power  of  the  fresh  normal  serum 
alone.  Where  immune  body  and  complement  are  in  opti- 
mum ratio   (as  in  tubes  5  and  6),  there  occur  the  greatest 
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destruction  of  gonococci.  Although  the  tabulation  of  the 
colonies  on  the  plates  is  very  similar  to  that  obtained  with 
typhoid,  the  tubes  from  which  the  platings  were  made 
differ  after  twenty-four  hours'  incubation  from  those  in  a 
like  experiment  with  this  bacillus.  Whereas,  in  the  optimum 
killing  zone  with  typhoid  immune  serum  the  tubes  may  be 
sterile  in  twenty-four  hours,  with  gonococcus  serum  this  does 
not  occur  in  that  a  few  cocci  are  always  left  which  multiply 
slowly  until  in  forty-eight  hours  the  tubes  are  clouded  with 
growth.  It  is  possible  that  the  incomplete  killing  is  due  to 
the  necessary  use  of  comparatively  weak  complement. 

With  the  inactivated  serum  of  a  rabbit  well  immunized  to 
the  meningococcus  (Table  VII.)  the  killing  zone  was  nearly 
as  well  marked  and  practically  as  extensive  as  with  the 
gonococcus  A.  No  experiments  in  vitro  have  been  reported 
hitherto,  which  prove  that  meningococcic  serum  may  be  rich 
in  bactericidal  immune  bodies.  In  comparing  this  table 
with  the  one  dealing  with  gonococcus,  it  should  be  observed 
that  a  larger  amount  of  complement  was  necessary  for  the 
reactivation  of  the  meningococcic  serum,  and  further  that 
this  particular  strain  of  meningococcus  multiplied  much 
faster  in  the  culture  control  tube,  during  five  hours'  incuba- 
tion, than  any  strain  of  gonococcus  which  was  tested. 

The  agglutination  factor.  —  Soon  after  the  publication  of 
the  Neisser-Wechsberg  method,  the  criticism  was  advanced 
that  agglutination  might  be  a  factor  in  the  results  obtained. 
This  objection  has  been  found  invalid  by  Lipstcin^  and 
others,  but  as  the  gonococcus  is  especially  prone  to  spon- 
taneous agglutination  and  is  quickly  clumped  in  comparatively 
high  dilutions  by  immune  serum,  it  seemed  desirable  to 
anticipate  any  criticism,  based  on  this  ground,  of  the  sound- 
ness of  these  experiments.  That  agglutination,  spontaneous 
or  otherwise,  is  a  negligible  factor  is  proved  by  at  least  three 
considerations : 

(a.)  Fresh  immune  serum,  at  a  dilution  of  i-i,ooo, 
caused  no  decrease  in  the  number  of  the  gonococci,  but  when 
this  same  serum  is    reactivated,  at  this   dilution  the  plates 
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were  practically  sterile  and  yet  the  degree  of  agglutination 
was  necessarily  the  same  in  each  instance. 

(d.)  In  a  previous  article  ^*  it  has  been  shown  that  strain 
A  and  strain  G  interagglutinate  with  their  respective  anti- 
serums in  as  high  a  dilution  as  1-200  and  yet  reactivated  A 
serum  causes  no  decrease  in  the  number  of  G  colonies,  nor 
G  serum  of  A  colonies. 

(^.)  Finally,  in  a  parallel  experiment  with  the  same 
inactivated  immune  serum  (Table  VIII.),  the  typical  **  kill- 
ing zone"  occurred  only  in  the  series  in  which  there  was 
reactivation  with  fresh  normal  serum,  hence  the  agglutina- 
tion factor  was  of  no  significance. 


Table  VIII. 

a  negligible  factor. 

Inactivated 
Iismuae  Se- 
rum froni 
Rabbit  inocu. 
kited  with 
Gonococcus 
A  7  time*. 

III 

111 

1 

0 

.5 

i> 

0  g 
oS 
0 

Tubes  in  34 
flours. 

Same  Immune  Se- 
mm,  but  without 
Addition  of  Com- 
plement.    Colon- 
ies in  4^  Hours. 

Tubes  in  34 
Hours. 

I.     1^ 

— 

A. 

— 

— 

3.»«> 

Veryslightgrowtlt. 

a.     1-5 

l/lOO  CC. 

«« 

i^ 

No  growth. 

6,300 

Slight  growth. 

3.      |*IO..... 

i<        «( 

w 

>IO 

<i        «( 

7.800 

<i           II 

4*     >-aS 

i«       <( 

" 

>S 

Very  slight  growth. 

i.?»7«> 

Good  growth. 

S.     1*100.... 

M        <t 

u 

9 

II        11          « 

^S^<f^ 

14           44 

6,     i-^n.... 

«<        •( 

(• 

10 

•1               II                  14 

33,800 

II                      41 

7.     i-i/>oo.. 

•(       «< 

•< 

76 

Fair  growth. 

18.500 

.1 

8.     1-3,000.. 

<«           14 

" 

iS8 

Good  growth. 

- 

9.     i-s,ooo.. 

«          <« 

•• 

S.ooo 

II           II 

16,800 

Good  growth. 

<1           « 

•< 

S,ooo 

II            II 

3I,S00 

•  4                     41 

II,    1-95.000. 

l<           It 

•« 

13,000 

14            II 

- 

I  a.     1-50,000. 

11           <« 

«( 
A. 

11,000 

II            II 

— 

— 

11.    Control 
Complement. 

l/lOO  CC. 

ia,ooo 

Good  growth. 

__ 

^ 

14.    Control 

Calture  A 

Seeding. 

- 

19.000 

II           II 

33,400 

Good  growth. 

Control  seeding,  plated  at  once,  10,000;  same,  141500;  media  and  sera,  o. 
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Inhibitory  action  of  inactivated  immune  serum  alone.  — 
H  line  ^^  has  described  a  weak  but  clear  action  of  specific 
serums,  without  complement,  in  some  experiments  with 
typhoid  and  cholera  and  also  in  stronger  dilutions  with 
serums  which  were  not  specific.  The  latter,  he  thought, 
might  be  due  in  part  to  the  phenol  used  as  a  preservative. 
From  the  figures  in  the  sixth  column  of  Table  VIII.  it 
will  be  seen  that  this  inactivated  serum  immune  to  gono- 
coccus  A,  without  complement,  caused  some  decrease  in  the 
number  of  colonies  in  a  dilution  as  high  as  i-io.  Other 
inactivated  serums,  immune  to  strain  H,  have  proved  lytic 
without  the  addition  of  complement  in  a  much  more  marked 
degree  at  this  dilution,  but  only  specifically.  In  these 
instances  the  action  cannot  be  ascribed  to  a  preservative  as 
none  was  used.  Several  possible  explanations  of  this  lytic 
action  suggest  themselves,  such  as  the  presence  of  a  comple- 
menting substance  of  a  more  stable  nature,  the  bringing  into 
play  by  the  stronger  dilutions  of  serum  of  an  autolysate 
similar  to  that  described  by  Flexner^®  for  the  meningococcus, 
or  the  presence  of  an  inhibitory  substance  in  the  serum  of 
the  same  nature  as  that  produced  in  growing  culture.  At 
any  rate  it  should  be  noted  that  the  decrease  in  the  count 
occurs  alone  in  the  prezone  region  and  the  phenomenon  can 
play  no  part  in  the  killing  zone  of  the  reactivated  serum. 

Inter-bactericidal  action  of  various  immune  serums.  — 
The  question  arises  whether  a  reactivated  anti-serum  immune 
to  one  strain  of  the  gonococcus  will  prove  bactericidal  for 
all  other  strains  of  this  diplococcus ;  in  other  words,  whether 
the  immune  bodies  raised  by  various  members  of  this  group 
are  homogeneous  or  heterogeneous.  The  same  query  is 
pertinent  as  regards  the  relationship  from  this  standpoint 
of  the  gonococcus  and  the  meningococcus.  The  following 
tables  (IX  ,  X.,  XL.  XII.,  XIII.)  elucidate  these  relationships 
as  they  have  been  found,  by  repeated  tests,  to  exist  between 
four  strains  of  the  gonococcus  and  between  these  and  a 
single  strain  of  the  meningococcus.     Each  table  contains  the 
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results  of  the  interaction  of  a  single  culture  with  each  of  the 
five  anti-serums.  Attention  is  directed  to  the  amount  of 
fresh  normal  serum  (complement)  employed  with  the  several 
cultures.  This  is  indicated  in  each  case  in  conjunction  with 
the  "  complement  control  "  figures.  It  will  be  noted  that  it 
was  necessary  to  vary  the  amount  of  complement.  Guided 
by  the  experiments  demonstrating  that  fresh  normal  serum 
in  amount  sufficient  to  cause  in  itself  a  slight  destruction  of 
the  diplococci  seeded  was  ample  for  the  proper  reactivation 
of  the  immune  bodies,  the  dose  of  complement  was  so  varied. 
As  a  result  of  this  method  of  standardization,  the  delicate 
gonococcic  cultures  A  and  C  received  only  about  one-fourth 
as  much  complement  as  the  more  resistant  strains  G  and  H 
and  also  as  this  particular  strain  of  the  meningococcus. 
Whether  or  not  this  variability  may  be  due  to  differences  in 
the  receptors  of  these  strains,  there  is  no  decisive  evidence. 
Attention  is  also  directed  to  the  fact  that  these  strains  of  the 
gonococcus  multiplied  in  the  control  tubes  only  slightly,  if  at 
all,  in  four  or  five  hours. 
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Table  IX. 
Tests  with  gonococcus  culture  A  against  the  various  immune  serums. 


Dilutions  of 

the  Immune 

Serums. 


I.  i-S- 

a.  i-io. 

3.  1-35- 

4.  I-IOO 

5.  '-Soo 

6.  1-1,000 

7.  1-3,000 
S.  i-S,ooo 
9.  1-10,000 

10.  1-35,000. 

11.  1-100,000 


Control  with 
Complement. 


Control  Culture 
Seeding. 


Control  Seed- 
ing, plated  at 
once. 


Result  with 
Serum  Im- 
mune to  Gono- 
coccus  A. 
Colonies  in 
4^  Hours. 

Result  with 
Serum  Im- 
mune to  Gono- 
coccus C. 
Colonies  in 
4H  Hours. 

io/xx> 

aS.oa> 

S.000 

9.000 

>.S40 

5,000 

9a 

300 

3 

113 

6 

3^ 

SS 

- 

2S0 

i4/x)o 

700 

14,000 

4,aoo 

35/wo 

6,300 

— 

Normal  Rabbit 

No.  6,  Serum 

'/7S  cc. 

Normal  Rabbit 

No.  3,  Serum. 

i/ioocc. 

7,000 

39,000 

15,000 

30,000 

13,000 

35,000 

Result  with 
Serum  Im- 
mune 1(1  Gono- 
coccus G. 
Colonies  in 
4H  Hours. 

Resnit  with 
Serum  Im- 
mune to  Gono- 
coccus  H. 
Colonies  in 
4^  Hours. 

Result  with 
Serum  Im- 
mune to  Men- 
ingococcus. 
Colonies  in 
4H  Hours. 

11,500 

iSfOOO 

6fiOb 

- 

- 

- 

10,500 

15,000 

4,000 

13,500 

15,000 

9.S0O 

14,000 

15,000 

9aKXX> 

11,500 

15,000 

7.500 

14,000 

15,000 

8,00^ 

- 

- 

- 

Normal  Rabbit 

No.  3,  Serum 

i/ioocc. 

Normal  Rabbit 

No.  3,  Serum 

1/125  cc. 

Normal  Rabbit 
No.  8,  Serum 

I/IOOCC. 

13,500 

15.000 

5.500 

18,000 

16,000 

10,000 

16,000 

14,000 

8,000 
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Table  X. 
Ttiti  with  gonococcus  culture  C  against  the  various  immune  serums. 


Dilutions  of 

the  Immune 

Serums. 


I.  i-s 

a.  i-io.... 

3.  i-»S---- 

4.  I-IOO... 

5.  1-500... 

6.  1-1,000. 

7.  i-a,ooo. 
S.  1-5,000 . 
9.  1-10,000 

10.  1-35,000 

11.  1-50,000. 


Control  with 
Complement. 


Control  Culture 
Seeding. 


Control  Seed. 

ing,  plated  at 

once. 


Result  wiih 
Serum  Im- 
mune to  Gnno- 
coccus  A. 
Colonies  in 
4^  Mours. 


4,200 
I1O50 

»S» 
140 
3.290 
9,800 
iS.ooo 
19,000 
19,000 
19,000 
19,000 


Normal  Rabbit 

No.  6,  Serum 

1/75  ec. 

15,000 


»5»ooo 


34,000 


Result  with 
Serum  Im- 
nune  to  Gono- 
coccus  C. 
Colonies  in 
45i  Hours. 


34,000 
19,000 
15*500 

315 
315 

'75 

560 
6,000 
17,000 
15,000 


Normal  Rabbit 

No.  3,  Serum 

'  i/ioo  cc. 

a6,ooo 


30,000 


38,000 


Result  with 
Serum  Im- 
mune to  Gono- 

Result  with 

Serum  Im- 

niune  to  Gono- 

Result  with 
Serum  Im- 
mune to  Men- 

coccus G. 
Colonies  in 
4H  Hours. 

coccus  H. 
Colonies  in 
45i  Hours. 

ingococcus. 
Colonies  in 
4'/^  Hours. 

4,aoo 

50,000 

13,000 

"" 

"~ 

- 

5.000 

50,000 

13,000 

5.000 

50,000 

la.ooo 

5.500 

50,000 

13,000 

7,000 

50,000 

13,000 

— 

— 

— 

8,400 

50,000 

ia,ooo 

- 

— 

- 

- 

- 

- 

— 

— 

- 

Normal  Rabbit 

No.  3.  Serum 

1/100  cc. 

Normal  Rabbit 

No.  ^,  Serum 

1/135  <^c- 

Normal  Rnbbit 

No.  3,  Serum 

1/135  cc. 

6,000 

4S.00O 

ia,oou 

5.500 

50,000 

18,000 

6,500 

50,000 

18,000 
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Table  XI. 
Tests  with  gonococcus  culture  G  against  the  various  immune  serums* 


Dilutions  of 

the  Immune 

Serums. 


».  »-s 

a.  i-io.... 

3.  i-as.... 

4.  i-ioo. .. 

5.  i-soo... 

6.  1-1,000. 

7.  i-a^ooo . 
S.  1-5,000. 
9.  1-10,000 

10.  1-35,000 


Result  with 
Serum  Im- 
mune to  Gono> 
coccus  A. 
Colonies  in 
41^  Hours. 


8,400 
13,000 
ia,ooo 
14,000 


Control  with 
Complement. 

Normal  Rabbit 

No.  I,  Serum 

1/30  cc. 

14,000 

Control  Culture 
Seeding. 

a8,ooo 

Control  Seed. 

ing,  plated  at 

once. 

ao,ooo 

Result  with 
Serum  Im. 
mune  to  Gono- 
coccus C. 
Colonies  in 
4j4  Hours. 


4.500 

6,000 
4.500 
6,500 
7,Soo 

7.500 


Normal  Rabbit 

No.  6,  Serum 

i/ao  cc. 

5»5oo 


9,000 


7.500 


Result  with 
Scrum  Im- 
mune to  Gono- 

Result with 
Serum  Im- 
mune to  Gono- 

Result with 

Serum  Im- 

mune  to  Men- 

coccus G. 
Colonies  in 
4H  Hours. 

coccus  H. 
Colonies  in 
4H  Hours. 

ingococcus. 
Colonies  in 
4>6  Hours. 

0 

16 

S.000 

0 

30 

- 

0 

a,8oo 

S.700 

I 

17,000 

5.000 

350 

18,000 

5A)o 

S40 

iS,ooo 

4.480 

i,6So 

i4/x» 

5iO0o 

3,170 

i8ax> 

- 

3.300 

1 8,000 

- 

3.aoo 

18,000 

— 

Normal  Rabbit 

No.  ^,  Serum 

i/ao  cc. 

Normal  Rabbit 
No.  4,  Serum 

Normal  Rabbit 

No.  7,  Serum 

i/ao  cc. 

1/30  cc. 

3.500 

i8,coo 

5tOoo 

10,000 

19,000 

6,000 

7,000 

- 

5i000 
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Table  XII. 
Tests  with  gonococcus  H  against  the  various  immune  serums. 


Dilutions  of 

the  Immune 

Serums. 

Result  with 
Serum  Im- 
mune to  Gono- 
coccus A. 
Colonies  in 
4>4  Hours. 

Result  with 
Serum  Im- 
mune to  Gono- 
coccus C. 
Colonies  in 
4H  Hours. 

Result  with 
Serum  Im- 
mune  to  Gono- 
coccus  G. 
Colonies  in 
4^  Hours. 

Result  with 
Serum  Im. 
mune  to  Gono. 
coccus  H. 
Colonies  in 
454  Hours. 

Result  with 
Serum  Im> 
mune  to  Men. 
ingococcus. 
Colonies  in 
4>6  Hours. 

».  «-s  

2.      l-IO 

3.  »-as 

4.      »-!«> 

5-    »-Sa) 

6.  x-Xfioa 

7.  i-a,ooo 

8.  i-S,ooo 

9.  I-IO/XX)   ... 

10.    i-as,ooo.... 

3f000 

3.170 
3,330 
a.870 

a,73o 
a,Soo 

.3.500 

3,800 
1,640 
3,800 
4,000 

1 

4 

»5 

aSo 

2,340 

4,300 

5.3W 
8,500 
S,68o 

9,300 

aSo 
106 

103 

3IO 

1.300 

3350 

8,500 
10,500 
11,500 
14,000 

5.700 

5.000 
5.000 
5»ooo 
5.000 

5.000 

Control  with 
Complement. 

Normal  Rabbit 

No.  6,  Serum 

I/as  cc. 

3.50^ 

Normal  Rjihbit 

No.  7,  Serum 

i/aS  cc. 

4.900 

Normal  Rabbit 

No.  6,  Serum 

1/30  cc. 

8,sco 

Normal  Rabbit 

No.  4,  Serum 

I/3S  cc. 

14,000 

Normal  RabbR 

No.  7,  Serum 

»/3S  cc. 

5.000 

Control  Culture 
Seeding. 

5.000 

8,000 

11,000 

3l,0CO 

6,730 

Control  Seed- 
ing, plated  at 
once. 

4,30O 

7,000 

9,000 

18,000 

11,000 
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Table  XIII. 
Tests  with  meningococcus  against  the  various  immune  serums. 


Dilutions  of 

the   Immune 

Serums. 

Result  with 
Serum  Im- 
mune to  Men. 
inuococcus. 
Colonies  in 
4H  Hours. 

Result  with 
Serum  Im- 
mune to  Gono- 
coccus  A. 
Colonies  in 
4Ji  Hours. 

Result  with 
Serum  Im. 
mune  to  Gono- 
coccus  C. 
Colonies  in 
4H  Hours. 

Result  with 
Serum  Im. 
mune  to  Gono- 
coccus  G. 
Colonies  in 
4H  Hours. 

Result  with 

Serum  Im. 

mune  to  Gono. 

coccus  H. 

Colonies  in 
4H  Hours. 

I      1— <..... .... 

13,000 

750 

700 

8,060 

10,000 

a.    i-io 

3.  >-»s 

4/»o 

5.600 

a,Soo 

18,000 

17,000 

4.    i-ioo 

1,400 

5.000 

50.000 

S.    i-Soo 

aio 

iS/»o 

S.500 

I00/)00 

50.000 

6.    1-1,000 

aao 

15,000 

5.600 

100,000 

5o/xx> 

7.    i-a,ooo 

4ao 

— 

- 

- 

- 

H.     i-S,ooo 

1.950 

15,000 

7.000 

lOO/XK) 

50,000 

9.    1-10,000.... 

»,7oo 

- 

— 

— 

- 

10.    1-25,000 

7.S00 

— 

— 

—  ■ 

— 

Control    with 
Complement. 

Normal  Rabbit 

No.  8,  Serum 

i/io  cc. 

Normal  Rabbit 

No.  t.  Serum 

1/40  cc. 

Normal  Rabbit 

No.  6,  Serum 

i/ao  cc. 

Normal  Rabbit 

No.  3,  Serum 

1/30  cc. 

Normal  Rabbit 

No.  3,  Serum 

1/30  cc. 

11,000 

14,000 

7,000 

33.000 

30,000 

Control  Culture 
Seeding^. 

30,000 

50.000 

35.000 

XOOfiCO 

lOO/XX) 

Control  Seed- 
ing,  plated  at 
once. 

4.300 

5.500 

llfiCO 

14.000 

10,000 

The  essential  point  brought  out  in  these  experiments 
lies  in  the  demonstration  that  the  gonococcic  strains  A  and 
C  produce,  in  rabbits,  immune  bodies  which  cause  mutual 
bacteriolysis,  but  none  which  react  with  strains  G  and  H; 
and  further,  that  G  and  H  raise  such  anti-bodies  reacting  on 
one  another  to  some  extent  (the  action  of  H  serum  on  cult- 
ure G  is  slight),  but  none  for  strains  A  and  C.  Again,  that 
all  four  of  these  antigonococcic  serums  were  slightly 
destructive  for  the  meningococcic  culture.  Finally,  that 
this  strain  of  the  meningococcus  produced  an  anti-serum 
strongly  bactericidal  for  itself,  but  in  no  degree  on  any  of 
the  four  gonococcic  strains.     It  is,  also,  to  be  observed  that 
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cultures  G  and  H  stimulated  apparently  the  production  of 
fewer  immune  bodies  than  A,  C,  or  the  meningococcus,  as  is 
indicated  by  the  comparatively  low  specific  bactericidal  titer 
of  their  anti-serums  and  the  complete  absence  of  prezones. 

In  a  previous  article  ^*  on  the  "  fixation  of  complement " 
with  serums  immune  to  these  same  strains,  it  was  demon- 
strated that  cultures  A  and  C  reacted  alike,  as  did  also 
to  a  certain  extent  cultures  G  and  H,  but  that  there  was  no 
interaction  between  these  two  pairs.  This  result  is  interest- 
ing in  that  it  indicates,  at  least,  a  parallelism  in  specificity 
between  the  **  fixation  of  complement  *'  and  these  bacterio- 
lytic experiments.  Whether,  however,  we  may  say  that 
these  two  processes  are  identical  as  regards  the  bacterial 
amboceptors  concerned  is  left  for  further  experimentation 
and  will  be  discussed  in  another  place. 

The  gonococcus  group.  —  Culturally  and  morphologically 
the  gonococcus  group  is  apparently  homogeneous.  Such 
differences  as  may  appear  between  various  strains  in  their 
aptitude  to  adapt  themselves  to  an  unfavorable  environment 
(culturally)  are  of  slight  significance,  as  these  are  variable 
and  merely  matters  of  degree.  As  regards  their  reaction  to 
strains  there  seems  to  be  a  uniformity  within  the  group  to 
the  smallest  detail.  Their  enzymatic  activities  are  feeble  and 
probably  uniform.  In  fact  it  is  apparently  only  within  the 
field  of  these  more  delicate  serum  reactions  that  heterogeneity 
may  be  observed.  First,  by  a  study  of  agglutination"^  with 
specific  serums  radical  differences  were  evident  between 
certain  strains ;  a  diversity,  which  was  again  manifest  in  the 
delicate**  fixation  of  complement  "  test,**  and  finally  confirmed 
by  these  bacteriolytic  experiments. 

Although  agglutination  seemed  to  disclose  a  surprising 
amount  of  variation  within  the  group,  certain  cultures  reacted 
practically  alike  and  fell  within  two  or  more  sub-groups.  In 
the  subsequent  experiments  my  aim  has  been  to  determine 
how  radically  as  regards  other  serum  reactions  two  of  these 
sub-groups  differed  from  one  another:  the  one  sub-group 
represented  by  cultures  A,  B,  and  C,  or  let  us  say  Type  I. ; 
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and  the  other  by  cultures  G,  H  and  I,  or  Type  II.  These 
differences,  as  determined,  may  be  summarized  as  follows: 

(a,)  These  two  types  raise  certain  agglutinins  which 
are  common,  but  their  specific  agglutinins  are  entirely 
distinct. 

(^.)  In  the  fixation  of  complement  the  cultures  grouped 
under  Type  I.  manifested  a  practical  identity  as  regards 
antigen  and  anti-body;  and  the  cultures  of  Type  II.  showed 
a  similar  uniformity  among  themselves.  Yet  there  was 
little  or  no  interaction  between  the  members  of  these  two 
sub-groups,  indicating,  thereby,  the  existence  of  a  radical 
difference  between  the  antigens  and  the  anti-bodies  derived 
from  and  with  these  two  types. 

(c.)  Again,  the  cultures  of  Type  I.  are  decidedly  more 
sensitive  to  the  bacteriolytic  action  of  fresh  normal  rabbit 
serum  than  those  of  Type  II. 

(d.)  Finally,  the  bactericidal  immune  bodies  raised  by 
the  members  of  Type  I.  are  inter-active  among  themselves, 
but  are  inactive  with  those  of  Type  II. ;  and  the  reverse  is 
true  as  regards  the  Type  II.  cultures. 

We  find,  then,  certain  strains  of  the  gonococcus  which 
are  alike  in  antigen,  in  the  anti-bodies  which  they  call  forth, 
and  in  their  receptor  apparatus,  but  also  others  which  are 
totally  different.  Is  it  necessary  to  count  such  subtle  differ- 
ences important  or  may  they,  from  a  practical  standpoint,  be 
disregarded?  Is  such  heterogeneity  of  fundamental  sig- 
nificance in  the  serum-therapy  of  gonococcic  or  other 
infections?  Unfortunately  we  are  still  almost  entirely  in  the 
dark  as  to  the  mode  of  action  of  bactericidal  serums,  when 
introduced  into  the  body.  That  the  bactericidal  immune 
bodies  specifically  active  in  vitro  against  certain  micro- 
organisms are  of  no  significance  in  bacteriolysis  in  vivo 
has  not  been  proved,*  and  until  such  proof  is  forthcoming 
it  is  only  reasonable  to  suppose  that  these  immune  bodies 
may  be  active  agents  in  some  curative  serums.     Elsewhere 

•  T6pfer  and  Jaft6,*  among  others,  hold  the  view  that  the  bacteriolytic  process  in 
vitro  and  in  the  animal  body  are  not  identical.  They  found  during  sickness  with 
typhoid  that  in  vitro  test  high  and  the  Pfeiffer  lower,  but  during  convalescence  Pleiffer 
high,  protecting  strongly,  and  in  vitro  feeble. 
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certain  evidence  has  been  given  by  the  writer  *  which  indi- 
cates that  this  may  be  the  case  with  antigonococcic  serum. 
Granting  for  the  time  being  that  bactericidal  immune  bodies, 
as  revealed  in  test-tube  experiments,  are  of  significance  in 
the  curative  process,  these  results  are  of  practical  impor- 
tance in  that  they  show : 

{a.)  That  a  serum  produced  with  one  strain  of  the 
gonococcus  may  be  ineffective  if  the  patient  harbors  a  strain 
of  this  diplococcus  belonging  in  a  different  sub-group. 
This  being  so  it  is  desirable  to  determine  the  number  of 
these  sub-groups  and  to  employ  as  many  of  them  as  possi- 
ble in  the  preparation  of  a  therapeutic  serum.  Shiga's^ 
decidedly  efficient  anti-dysenteric  serum  now  contains  anti- 
bodies for  all  of  the  five  main  groups  of  B.  dysenteriae. 

(i.)  That  certain  strains  of  the  gonococcus  are  very 
readily  destroyed  by  fresh  normal  serums  and  by  their 
specific  anti-serums,  while  others  succumb  less  readily  to 
such  lytic  agents.  It  is  possible  that  this  fact  is  of  some 
weight  in  determining  the  transitory  character  of  certain 
cases  of  gonorrheal  infection  as  compared  with  the  chronic 
nature  of  others. 

CONCLUSIONS. 

1.  Certain  strains  of  gonococci  are  very  sensitive  to  the 
bactericidal  action  of  fresh  normal  rabbit  serum,  while  others 
are  decidedly  more  resistant. 

2.  Bactericidal  immune  bodies  are  readily  produced  in 
rabbits  by  inoculation  with  the  gonococcus  and  also  by  the 
meningococcus. 

3.  A  serum  immune  to  one  strain  of  the  gonococcus  may 
be  entirely  inactive  in  vitro  against  another  strain. 

4.  All  of  the  inactivated  antigonococcic  serums  (four) 
tested  in  these  experiments  were  slightly  bacteriolytic  for  a 
certain  strain  of  meningococcus.  An  antimeningococcic 
serum  contained  no  bactericidal  immune  bodies  for  four 
strains  of  the  gonococcus. 

5.  These  experiments  indicate  that  there  is  a  parallelism 
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in  the  specificity  of  the  results  obtained  by  the  **  fixation  of 
complement "  method  and  in  vitro  bactericidal  tests.  They 
likewise  confirm  the  conclusion,  previously  expressed,  that 
the  gonococcus  group  is  heterogeneous. 
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METxNJBOLISM  IN  TYPHOID  FEVER.* 


PHILIP  A.  SHAFFER,  Ph.D. 

Department   of   Experimental   Patholosry,   Cornell    Medical   College. 

NEW  YORK. 


I  shall  not  attempt  to  review  the  many-sided  subject 
of  metabolism  in  typhoid  fever,  but  shall  devote  the 
time  to  a  brief  discussion  of  one  phase  of  the  subject, 
which  is  of  great  importance,  as  well  as  of  interest,  both 
to  the  clinician  and  to  the  pathologic  physiologist. 

During  the  course  of  the  disease  a  typhoid  patient 
loses  from  ten  to  sixty  pounds,  or  even  more,  of  his  body 
tissue.  This  loss  is  divided  among  water,  subcutaneous 
fat  and  protein  from  the  body  fluids  or  cells.  The  loss 
of  water  we  may  leave  out  of  consideration  because  we 
know  neither  its  amount  or  significance.  Since  the 
observation  of  Leyden^  in  1869  it  has  been  believed 
that  there  is  a  retention  rather  than  a  loss  of  writer 
from  the  body  in  fever.  This  belief  is  supported  by  the 
decreased  quantity  of  urine  and  by  the  supposed  decrease 
in  the  evaporation  from  the  skin ;  but  few  or  no  accurate 
data  on  this  question  are  available,  and  no  positive 
statements  concerning  it  can  be  made. 

The  burning  of  body  fat  may,  in  the  absence  of  carbo- 
hydrates, and  perhaps  also  other  conditions,  lead  to 
varying  degrees  of  acidosis,  with  an  abstraction  of 
alkalis  from  the  tissues,  and  possibly  in  other  ways 
may  be  of  distinct  harm  to  the  patient.  This  is  borne 
out  by  the  clinical  observation  that  fat  individuals  are 
comparatively  poor  subjects  for  typhoid  fever,  or  for 
that  matter,  for  any  infectious  fever  or  for  surgical 
operations.  We  have,  however,  as  yet  no  good  reason  for 
believing  that  the  metabolism  of  fat  in  fever  is  in  anv 

♦  Read  In  the  Joint  Meeting  of  the  Section  on  Practice  of  Medi- 
cine and  the  Section  on  Pathology  and  Physlolojry  of  the  American 
Medical  Association,  at  the  Fifty-ninth  Annual  Session,  at  Chicago, 
June,  1908. 

1.  Arch.  f.  kiln.  Med..  1869,  v.  360. 
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way  different  qualitatively  from  that  in  other  conditions 
of  undernutrition;  and  it  seems  to  me  probable  that  the 
excretion  of  the  acetone  bodies  occasionally  recorded  in 
typhoid  fever  is  merely  the  result  of  a  burning  of  body 
fat  in  the  absence  of  sufficient  carbohydrates — the  fre- 
quently observed  starvation  acidosis.  If  this  is  true, 
acetone,  diacetic  and  beta-oxybutyric  acids  will  not  be 
excreted  by  the  typhoid  patient  who  receives  an  abund- 
ance of  carbohydrates.  Aside  from  the  production  of 
organic  acids  in  the  burning  of  body  fats,  the  mere  loss 
of  fat  is  probably  of  no  great  consequence. 

In  addition  to  the  loss  of  body  fat  there  is  a  great 
loss  of  body  protein  in  typhoid  fever,  and  this  is  what  I 
shall  speak  of  in  some  detail.  Many  data  are  to  be 
found  in  the  literature  as  examples  of  the  amount  of  this 
loss  of  protein.  In  a  case  reported  by  Leyden  and 
Klemperer^  there  was  a  loss  of  109  gm.  of  nitrogen,  the 
equivalent  of  3.2  kilos  or  seven  pounds  of  pure  muscle 
tissue  in  twelve  days.  In  a  case  of  Frederick  MiUler" 
there  was  a  loss  of  86.4  gm.  of  nitrogen,  the  equivalenl 
of  2.5  kilos  or  five  and  one-half  pounds  of  muscle  tissue 
in  eight  days.  These  are  not  very  unusual  figures;  a 
loss  of  the  equivalent  of  even  one  and  one-half  pounds 
of  muscle  tissue  in  a  single  day  is  not  very  rare.  There 
are  many  reasons  for  believing  that  this  febrile  loss 
of  protein  from  the  body  is  a  serious  and  dangerous 
proceeding.  The  emaciation,  muscular  weakness  and 
decreased  resistance,  and  the  long  convalescence  are 
certainly  in  part  the  results  of  the  loss  of  body  protein. 
The  amount  of  protein  lost  appears  to  bear  a  close  re- 
lation to  the  severity  of  the  disease,  and  Ewing  believes 
that  the  pathologic  processes  concerned  in  the  metabol- 
ism of  this  body  protein  take  a  prominent  part  in  de- 
termining the  patient's  condition.  Ewing's*  idea  is 
that  many  of  the  phenomena  of  typhoid  fever,  especially 
in  the  severe  and  fatal  cases,  are  due  to  an  autointoxi- 
cation resulting  from  the  ^^urning  of  thirty  pounds  of 
body  tissue  in  three  weeks" — and  not  directly  to  the 
endotoxins  of  typhoid  bacilli.  This  idea  is  to  some 
extent  supported  by  the  fact  that  the  so-called  nitrogen 
partition  of  the  urine  in  severe  or  fatal  cases  is  decidedly 

2.  Von  Leyden :     Handbuch  der  Emfthrungstberaple,  1904,  II. 

3.  Cong.  f.  Inn.  Med..  1902,  p.  192. 

4.  Proc.  Path.  Soc.  Philadelphia,  1905 ;  paper  before  New  York 
Acad.  Med..  New  York  Med.  Rec,  1907,  p.  537. 
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abnormal,  and  similar  to  those  found  by  Wolf,  Ewing 
and  others  in  toxemia  of  pregnancy.  Furthermore  there 
are  severe  so-called  toxic  cases  of  typhoid  fever  which 
terminate  with  acute  yellow  atrophy  of  the  liver,  a 
condition  which  appears  to  be  closely  associated  with  a 
particular  type  of  faulty  protein  metabolism.  But  aside 
from  the  possibility  of  its  creating  an  autointoxication, 
the  consumption  and  loss  of  body  protein  must  be  of 
great  harm  to  the  patient,  both  during  the  disease  and 
during  convalescence. 

The  causes  for  this  loss  of  body  proteiii  are  apparently 
three  in  number. 

The  first  is  partial  starvation.  An  individual  is  ob- 
viously undernourished  imless  he  absorbs  from  the 
digestive  tract  food  of  sufficient  caloric  value  to  equal 
the  energy  expended.  Except  by  very  difficult  and  ac- 
curate measurements  it  is  impossible  to  know  the  amount 
of  energy  being  expended  by  a  particular  patient,  and 
few  such  measurements  have  been  made  on  fever  pa- 
tients; but  we  may  readily  calculate  average  figures 
which  are  satisfactory  for  practical  purposes. 

At  ordinary  rest  the  heat  and  other  energy  expended 
by  a  normal  individual  receiving  sufficient  food  is  about 
thirty-three  calories  per  kilo  body  weight.  In  fever 
there  is  an  increased  heat  production,  with  an  average, 
according  to  Krehl,  of  20  to  30  per  cent.  Twenty-five 
per  cent,  added  to  the  thirty-three  calories  gives  about 
forty  calories,  or,  for  a  patient  weighing  seventy  kilo- 
grams, or  150  pounds,  2,800  calories.  This  represents 
the  minimum  amount  of  energy  which  the  average 
typhoid  patient  is  expending  in  each  twenty-four  hours. 
If  he  does  not  receive  food  equivalent  to  this  amount  of 
energy  he  merely  draws  on  his  body  tissues  to  make  up 
for  the  deficit.  Few  or  no  typhoid  patients  receive 
enough  food  to  maintain  an  equilibrium,  and  they 
consequently  bum  up  for  fuel  varying  amounts  of  their 
body  fat  and  protein. 

Any  physician  can  readily  calculate  the  probable  de- 
ficit  with  the  diets  he  uses.  The  deficit  in  calories  is 
usually  about  50  per  cent.,  and  this,  according  to  von 
Noorden^s  figures,*^  may  be  responsible  for  loss  of  2  to  3 
gm.  of  body  nitrogen  per  day. 

r>.  Handbuch    der   Patbologle    des    Stoffwechsels,    1900,    1,    497. 
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The  two  other  causes  for  the  febrile  loss  of  body 
protein  are  the  pyrexia  and  the  action  of  the  bacterial 
toxins.  From  the  experiments  of  Linser  and  Schmidt,* 
Fritz  Voit^  and  Schleich,®  we  know  that  artificially  rais- 
ing the  body  temperature  causes  an  increase  in  protein 
metabolism.  The  pyrexia  itself  is  therefore  one  of  the 
causes  for  the  loss  of  body  protein;  but  the  loss  due  to 
this  cause  can  be  prevented,  just  as  the  loss  due  to 
partial  starvation,  by  the  intake  of  suflScient  food. 

The  third  factor  is  the  so-called  "toxic"  destruction 
of  body  protein  from  the  poisonous  action  of  the  bac- 
terial toxins  on  the  body  protein.  This  last  factor  is 
still  open  to  discussion,  but  I  am  inclined  to  the  belief 
that  some  such  action  does  take  part.  It  is,  however,  at 
present  impossible  to  discuss  the  toxic  destruction  apart 
from  the  result  of  the  pyrexia,  because  we  can  not  dis- 
tinguish between  the  two  when  both  are  present,  as  they 
usually  are  in  typhoid.  The  question  which  is  of  im- 
portance for  the  practical  treatment  of  typhoid  is,  can 
the  combined  effect  of  the  pyrexia  and  the  bacterial 
toxins  be  prevented  from  causing  a  loss  of  body-protein? 
There  are  already  some  encouraging  answers  to  this 
question.  May,®  working  with  rabbits  infected  with  pig 
erysipelas,  was  able  to  decrease  the  febrile  loss  of  body 
protein  by  carbohydrates;  though  May  later  doubted  the 
correctness  of  his  first  interpretation.  Puritz^**  worked 
on  human  typhoid  in  St.  Petersburg,  and  his  results 
led  him  to  favor  a  liberal  diet  in  this  disease.  His  diets, 
however,  were  rich  in  protein  and  of  only  moderate 
caloric  value,  and  were  therefore,  I  believe,  not  well 
adapted  for  his  purpose,  which  was  to  retard  the  loss  of 
protein.  Weber,^^  working  with  a  sheep  inoculated  with 
an  extract  of  glanders  bacilli,  was  able  wholly  to  pre- 
vent any  febrile  loss  of  body  protein  by  giving  the 
animal  a  liberal  diet  containing  much  carbohydrate. 
Leyden  and  Klemperer,  on  the  other  hand,  conclude  from 
their  experiments  on  typhoid  and  pneumonia  that,  while 

6.  Arch.  f.  kiln.  Med.,  Ixxlx.  514. 

7.  SltzuDgsb.  d.  Qesellsch.  f.  Morphol.  u.  Physiol.  In  Mttnchen, 
1895.  No.  2. 

8.  Arch.  f.  exp.  Pathol,  u.  Pharmakol.,  Iv,  82. 

9.  Ztschr.   f.   Biol.,  1894,  xxx.  1. 

10.  Virchows  Arch.  f.  Path.  Anat..  1893.  cxxxl,  327. 

11.  Arch.  f.  expor.  Path.,  xlvll,  10. 
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a  liberal  diet  is  desirable,  it  is  not  possible  to  prevent 
the  febrile  loss  of  protein ;  this  view  is  generally  accepted. 

Last  summer  Dr.  Warren  Coleman  and  I  undertook 
in  Bellevue  Hospital,  New  York,  a  further  study  of  th'* 
extent  to  which  the  loss  of  body  protein  in  typhoid  fever 
might  be  retarded  by  dietetic  means.^^  Our  results  were 
on  the  whole  very  encouraging,  in  that  we  were  able 
to  diminish  the  loss  of  body  nitrogen  to  a  comparatively 
small  amount  during  the  f  astigial  temperature  and  were 
able  to  make  patients  gain  body  protein  during  the  steep 
curve  period  of  the  disease. 

I  need  not  here  go  fully  into  the  reasons  underlying 
our  choice  of  diet,  which  is  the  opposite  of  that  used  by 
Puritz,  and  indeed  the  opposite,  in  some  particulars,  of 
the  diets  at  present  used  in  typhoid  fever  by  most  physi- 
cians. Our  principle  has  been  to  have  the  diet  contain 
a  moderate  amount  of  protein  and  the  largest  possible 
amount  of  carbohydrate.  The  reasons  for  choosing  car- 
bohydrates as  the  basis  of  the  diets  were  briefly  as  fol- 
lows: Carbohydrates  are  the  strongest  sparers  of  body 
protein  in  health,  according  to  Voit,  Lusk,  Folin  and 
others;  and  the  experiments  of  May,  Weber  and  Linser 
and  Schmidt  indicate  that  this  sparing  action  takes  place 
in  fever  as  it  does  in  health. 

A  large  amount  of  fat  is  objectionable  because  of  its 
tendency  toward  digestive  disturbances  and  diarrhea; 
and  the  protein  should  be  kept  at  the  minimum  effective 
amount  because  of  its  action  in  increasing  the  heat  pro- 
duction (Rubner)  and  because  of  the  large  amount  of 
work  it  throws  on  the  intestine  and  the  kidneys. 
The  results  from  one  of  our  cases  are  given  in  the  ac- 
companying chart.  Samples  of  the  diets  used  are  given 
in  the  table. 

Our  results  with  other  cases  show  essentially  the  same 
thing,  although  in  some  cases  there  was  no  gain,  but  a 
continued  slight  loss  of  one  gram  or  so  per  day.  On  the 
high  caloric  diets,  however,  the  patients  were  almost 
always  in  a  condition  not  far  from  nitrogen  equilibrium. 

Our  results  show,  we  believe,  that  the  febrile  loss  of 

12.  We  are  Indebted  to  Dr.  Armstrong,  medical  superintendent 
of  Bellevue  Hospital,  for  placing  the  facilities  of  the  hospital  at 
our  disposal.  The  expei-Iments  will  be  published  elsewhere  In 
detail. 
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body  protein,  including  the  result  of  the  three  factors, 
undernutrition,  pyrexia  and  the  action  of  toxins,  may 
be  retarded  and  even  wholly  prevented,  or  compensated 
for.    But  the  results  show  likewise  how  diflBcult  this  is 

TABLE  OF  COMPOSITION  OF  FOOD  DURING  EXPERIMENT 

SHOWN  IN  CHART. 

The  numbers  at  the  left  refer  to  corresponding  numbers  on  the  ^^nitrogen 

balance"  curve  in  chart. 


Qm. 

Calories. 

Percent. 

Total 
Calories. 

Calories 
Per  Kx. 
BodyWt. 

1. 

r  Protein 

60 

80 

525 

245 

74r, 

2150 

7.8 
23.7 
68.5 

Fat. 

Carbohydrate 

8140 

58. 

2. 

'Protein 

56 

78 

670 

280 
725 

2750 

8705 

6.2 
19.5 
74.8 

Fat , 

Carbohydrate 

69. 

r  Protein 

58 
68 
410 

217 
585 
1680 

8.7 
23.6 
67.7 

8. 

Fat 

Carbohydrate 

2482 

46. 

4. 

r  Protein 

75.5 
120.4 
569 

810 
1120 
2330 

8.2 
29.8 
62.0 

Fat..., 

Carbohydrate 

. 

8760 

70. 

5. 

f  Protein 

16.2 
108 
547 

66 
1004 
2240 

2.0 
30.8 
67.7 

Fat.. 

Carbohydrate 

[ 

S31U 

62. 

6. 

f  Protein 

84 
96 
120 

815 

893 
490 

20.0 
51.7 
28.3 

Fat 

Carbohydrate 

1728 

82. 

7.  • 

f  Protein. . .. 

85 
122 
583 

349 

1234 

2390 

80 

8.8 
28.7 
62.5 

Fat..  ..    ■■;■; 

Carbohydrate 

Alcohol 

8953 

73. 

to  accomplish.  It  was  only  when  we  gave  sixty  to 
seventy  or  even  eighty  calories  per  kilogram — between 
3,000  and  4,000  calories — that  the  greatest  sparing  was 
observed. 

The  important  point  is,  however,  that  it  is  possible 
to  give  typhoid  patients  such  liberal  diets  without,  so  far 
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as  our  experience  shows,  producing  any  harmful  results, 
but,  we  believe,  with  decided  benefit. 

Having  learned  that  it  is  possible  to  retard  the  febrile 
loss  of  body  protein,  we  have  still  to  decide  whether  it  is 
desirable  to  do  so  in  typhoid  fever. 

There  are  many  objections,  some  apparent  and  others 
real,  and  many  formidable  difficulties ;  but  I  know  of  no 
reason  why  we  should  not  attempt  to  do  all  in  this  direc- 
tion that  the  circumstances  will  allow.  Among  the 
possible  objections  to  liberal  feeding  in  typhoid  is  the 
commonly  supposed  digestive  limitation  of  these  pa- 
tients. The  digestion  in  typhoid  fever  undoubtedly  has 
its  limitations,  but  they  are  not  such  as  to  prevent  the 
proper  absorbtion  of  amply  sufficient  food  if  given 
in  the  proper  form.  The  experiments  of  von  Hoesslin,^* 
Leyden  and  Klemperer,^^  Puritz,^**  Folin^*  and  others 
show  very  positively  that  the  average  typhoid  patient 
absorbs  food  from  his  intestine  almost  as  completely  as 
does  the  healthy  individual.  Only  in  the  severest  cases 
is  the  absorption  very  materially  decreased.  In  the 
average  case  without  profuse  diarrhea  the  digestion  of 
protein,  fat  and  carbohydrate  is  within  10  or  15  per 
cent,  of  the  normal.  Folin,^*  in  his  recent  work  on 
typhoid,  has  directly  determined  the  degree  of  absorp- 
tion of  carbohydrates  and  has  found  it  practically 
normal. 

What  seems  to  me  an  objection  to  liberal  feeding  in 
typhoid  fever  is  the  effect  of  the  protein  in  increasing 
the  heat  production.  Kubner^*  has  shown  how  a  strict 
protein  diet  in  a  dog  may  increase  the  heat  production 
more  than  50  per  cent.  The  effect  in  a  human  patient 
could  never  be  so  great,  but  with  the  decreased  heat  loss 
in  fever  it  is  quite  possible  that  this  factor  may  be  of 
considerable  importance.  This  objection  does  not  hold 
against  the  diets  Coleman  and  I  have  used,  but  may 
apply  to  the  high  protein  diets  used  by  others.  Carbo- 
hydrates have  only  a  very  slight  effect  in  increasing  heat 
production. 

The  objection  has  been  raised  to  the  use  of  large  quan- 
tities of  carbohydrates,  from  the  fear  of  fermentation 

18.  Virchows  Arch.  f.  Path.  Anat..  1882,  Ixxzlx,  817. 

14.  UnpubUsbed  experiments. 

15.  Rubner:   Die  Qcsetze  des  EnergleTerbraachi,  1902. 
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and  tympanites.    I  can  only  say  that  we  have  had  no 
such  experiences  with  the  use  of  milk  sugar  or  starch. 

The  greatest  practical  difficulty  that  we  have  so  far 
encountered  in  this  work  is  the  choice  of  food  products. 
After  trying  or  considering  various  carbohydrates  we 
have  used  milk  sugar  almost  wholly.  This  has  the 
advantage  of  fermenting  only  with  difficulty  and  of  be- 
ing less  sweet  than  cane  sugar  and  much  more  soluble 
than  any  form  of  starch.  Milk,  diluted  cream,  and 
eggs  have  been  used  to  furnish  protein  and  fat.  Cocoa, 
lemon  juice,  tea,  coffee  and  other  things  have  been  used 
as  flavoring  agents  and  as  vehicles  for  milk  sugar. 

The  patients  did  not  object  to  our  diets  more  than  to 
milk  alone,  but  some  persuasion  was  frequently  neces- 
sary to  get  them  to  take  the  amounts  of  food  found  to 
be  necessary  for  our  purposes. 

The  full  advantages  as  well  as  the  possible  objections 
to  our  dietetic  plan  have  still  to  be  demonstrated;  but 
there  are  a  few  reasons  in  favor  of  such  liberal  nourish- 
ment for  typhoid  patients  which  are  worthy  of  consider- 
ation at  this  time. 

As  I  pointed  out  earlier,  the  average  typhoid  patient 
receives  at  present  50  per  cent,  or  less  of  his  energy  re- 
quirement. This  is  half  starvation;  and  we  know  that 
starvation  is  harmful  even  in  health,  in  that  it  leads  to 
weakness  and  to  an  increased  susceptibility  to  many 
infectious  diseases.  If  starvation  is  harmful  in  health 
why  should  it  be  beneficial  in  typhoid  fever?  During 
the  course  of  typhoid  fever  great  demands  are  constantly 
being  made  on  the  defensive  power  of  the  organism ;  and 
it  certainly  does  not  seem  probable  that  the  patient  will 
be  as  well  prepared  to  meet  those  demands  when  in  a 
starved  or  half-starved  conditions  as  when  he  is  being 
supplied  with  sufficient  energy  in  the  form  of  food. 

It  is  a  common  laboratory  observation  that  strong, 
robust,  well-fed  animals  develop  the  strongest  artificial 
immunity;  and  it  seems  fair  to  believe  that  we  are 
assisting  the  patient  to  acquire  his  immunity  to  typhoid 
fever  by  keeping  his  nutrition  at  the  highest  possible 
level.  Is  it  not  possible  that  one  of  the  factors  deter- 
mining the  outcome  of  the  disease  may  be  the  state  of 
nutrition  in  which  the  body  cells  are  maintained?  Ee- 
tarding  the  loss  of  body  protein  should  leave  the  patient 


Digitized  by 


Google 


11 

at  the  end  of  the  fever  in  better  physical  condition  and 
so  make  possible  a  shorter  convalescence. 

This  sort  of  reasoning  is,  however,  largely  specula- 
tive ;  and  long  experience  alone  can  tell  the  true  value  of 
such  treatment.  We  can  merely  say  at  present  that  it 
is  possible  by  the  means  already  outlined  to  retard  and 
even  to  prevent  the  febrile  loss  of  body  protein. 

414  East  Twenty-sixth  Street. 
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A  METHOD  FOR  THE  QUANTITATIVE  DETERMINATION  OF 
)9-0XYBUTYRIC  ACID  IN  URINE. 

By  PHILIP  A.  SHAFFER. 

(From  the  Depcniment  of  Experimental  Pathology,  Cornell  Umversity  Medical 
College,  New  York.) 

(Received  for  publication,  August  8,  1908.) 

We  have  at  present  for  the  determination  of  j9-oxybutyTic 
acid,  no  method  which  is  not  open  to  serious  criticism,  either  on 
the  point  of  accuracy  or  on  account  of  time,  labor  and  chemicals 
involved.  The  method  of  separately  determining  the  inorganic 
acids  and  bases  of  the  urine,  and  so  calctilating  the  amotmt  of 
organic  acid  present,  was  first  used  for  this  ptupose  by  Stadel- 
mann^  who  adopted  it  from  Gahtgens,^  and  from  its  use  Stadel- 
mann  was  led  to  the  discovery  of  the  organic  acid,  thus  verifying 
the  statement  made  three  years  earlier  by  Hallervorden  that  the 
high  ammonia  content  of  diabetic  urines  is  due  to  the  presence  of 
an  organic  acid.* 

This  procedure  has  since  been  used  in  the  study  of  j5-oxybu- 
tyric  acid  in  relation  to  acidosis  by  Magnus-Levy*  and  others. 
The  method  is  very  laborious,  necessarily  inaccurate,  on  account 
of  the  many  operations  required,  and  still  more  important,  it 
does  not  determine  the  amotmt  of  j9-oxybut3rric  acid,  but  merely 
the  amotmt  of  total  organic  acidity.  And  for  this  latter  purpose 
the  simpler  and  more  accurate  method  proposed  by  FoUn*  is  to 

*  Stadelmann:  Arch.  f.  exp.  Path.  u.  Pharm.,  xvii,  p.  419,  1883. 
'Gahtgens:  Zeitschr.  /.  physiol.  Chem.,  iv,  p.  36,  1880. 

*  Hallervorden  (Arch.  f.  exp.  Path.  u.  Pharm.,  xii,  p.  237)  in  1880  con- 
firmed the  finding  of  Boussingault  of  high  ammonia  excretion  in  diabetes, 
and  suggested  that  it  was  caused  by  the  excretion  of  an  organic  acid  (lactic 
or  glycuronic  acids).  Stadelmann  in  1883  confirmed  Hallervorden  and 
isolated  cro tonic  acid.  In  1884  KVdz,  Zeitschr.  f.  Biol.,  xx,  p.  165;  Arch.  f. 
exp.  Path.  u.  Pharm.,  xviii,  p.  290,  and  Minkowski,  Arch.  f.  exp.  Path.  u. 
Pharm.,  xviii,  pp.  35  and  147,  independently  showed  the  acid  to  he  p-oxy- 
butyric. 

*  Magnus-Levy:  Arch.  f.  exp.  Path.  u.  Pharm.,  xlii,  p.  149,  1899. 
•Folin:  Amer.  Journ.  of  Physiol.,  ix,  p.  265,  1903. 
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be  preferred.  With  one  exception,  the  other  methods  for  the 
determination  of  ^-oxybutyric  acid  are  based  upon  the  optical 
activity  of  the  laevorotary  acid  or  its  salts. 

The  rotation  of  the  fermented  urine  is  read  in  the  polariscope 
(Kulz)  with  or  without  preliminary  treatment  with  basic  lead 
acetate;  or  the  acid  is  extracted  by  ether  from  the  evaporated 
urine,  and  the  rotation  of  an  aqueous  solution  of  the  residue 
from  the  ether  is  determined,  and  the  amotmt  of  oxybutyric  acid 
calculated. 

Direct  reading  of  the  fermented  tuine  is  easy  enough  but  the 
results  are  worthless  because  of,  first,  the  great  percentage  error 
in  reading  dilute  solutions  of  the  ^d  or  its  salts;*  second,  the 
probable  presence  of  other  optically  active  substances  in  urine 
even  after  fermentation;  and  third,  if  basic  lead  acetate  be  used, 
the  action  of  this  substance  in  increasing  the  laevorotation  of 
salts  of  the  acid  (Magnus-Levy).*  Extraction  of  the  acid  by 
ether,  and  subsequent  polarization  of  the  aqueous  solution  of  the 
residue  from  the  ether  was  apparently  first  used  by  WolpeF  in  1886. 
Without  altering  the  principle  of  the  method,  it  has  been  very 
materially  improved  by  Magnus-Levy,  Bergell,^  and  most  recently 
by  Black.  With  the  use  of  the  latter's  modifications  which  con- 
sist in  dehydrating  the  evaporated  tuine  with  plaster  of  paris,  and 
the  use  of  an  improved  continuous  ether-extraction  apparatus,* 
the  method  is  fairly  quick  and  the  results  may  be  fairly  satisfac- 
tory. The  principle  of  the  method  is  still  however  open  to  the 
objection  of  difficulty  of  complete  extraction,  and  that  other 
optically  active  substances  may  be  extracted  from  the  urine, 

*  The  specific  rotation  of  the  free  acid  is  —24.12®  and  of  the  sodium  salt 
—  14.3s**  (Magnus- Levy:  Arch.  f.  exp.  Path.  u.  Pharm.,  xlv,  p.  393  and  397, 
1901).  The  specific  rotation  is  different  for  the  salts  with  different  bases. 
Magnus- Levy  points  out  that  an  error  of  o.io®  in  reading  the  polariscope 
would  amount  to  about  15  grams  in  5  liters  of  urine  {ibid.,  xlii,  p.  170, 
1899).  An  error  of  0.10®  in  reading  a  2  per  cent  solution  of  ^^oxybutyric 
acid  (which  is  frequently  obtained  from  urines  containing  only  a  little  of 
this  acid)  would  amount  to  more  than  i  o  per  cent  of  the  total. 

'Magnus-Levy:  Arch,  f.  exp.  Path.  u.  Pharm.,  xlv,  p.  393,  1901. 
•Wolpe:  Arch.  f.  exp.  Path.  u.  Pharm.,  xxi,  p.  138. 
*Bergell:  Zeitschr.  f.  physiol.  Chem.,  xxxiii,  p.  310,   190 1. 

•  Bergell  used  anhydrous  copper  sulphate  and  extracted  in  a  Soxhlet 
apparatus. 
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and  either  increase  or  decrease  the  laevorotation  of   the  final 
solution. 

The  method  proposed  by  Darmstadter^  is,  from  its  author's 
description,  very  easy  and  exceedingly  accurate;  though  in  my 
hands  it  has  not  been  successful.  After  evaporating  the  urine 
made  alkaline  with  sodium  carbonate  Darmstadter  distills  it  with 
a  constant  concentration  of  50  per  cent  sulphuric  acid  thus  con- 
verting the  /V-oxybutyric  acid  into  crotonic  acid  which  distills  over. 
The  distillate  of  300  to  400  cc.  is  extracted  three  times  with  ether 
which,  he  claims,  removes  all  of  the  crotonic  acid.  The  ether  is 
distilled  and  the  residue,  containing  the  crotonic  acid,  after  being 
heated  on  a  sand-bath  to  remove  the  volatile  acids,  is  dissolved  in 
water  and  titrated  with  alkali.  Darmstadter  in  this  way  obtained 
results  from  99.36  per  cent  to  99.70  per  cent  of  the  amotmtof 
synthetic  /?-oxybutyric  acid  added  to  urine.  Unfortunately  he 
does  not  state  just  how  he  determined  so  accurately  the  amount 
of  oxybutyric  acid  used  in  his  experiments.  Of  the  various  objec- 
tions to  this  method  as  its  author  describes  it,  the  most  obvious 
is  perhaps  the  difficulty  in  completely  extracting  the  crotonic 
acid  from  300  cc.  of  liquid,  by  two  or  three  portions  of  ether. 
The  method  has  not  apparently  been  received  with  favor. 

It  occurred  to  me  that  it  might  be  possible  to  utilize  as  the 

basi^  for  a  new  method  a  property  of  ^-oxybutyric  acid  long  ago 

mentioned  by  Minkowski — ^its  oxidation  with  the  formation  of 

acetone  and  carbon  dioxide.     I  hoped  that  the  reaction  might, 

under  certain  conditions,  proceed  after  the  following  well  known 

scheme. 

CHj  CH,  CH^ 

I  I  I 

H-C-OH  -►  C-0  ->  C-0 

I  I  I 

CH,         -f  O  CH,      +  H,0  CH, 

COOH  COOH  CO, 

;9 -oxybutyric  acid  — >   diacetic  acid  — >  acetone  and  carbon  dioxide. 

Distilling  with  sulphuric  acid  and  potassium  bichromate,  under 
the  conditions  to  be  described,  it  is  easily  possible  to  obtain  from 
9-oxybutyric  acid  the  theoretical  amount  of  acetone,  the  quantity 

*  Darmstadter:  Zeitschr.  f.  physiol.  Chem.,  xxxvii,  p.  355,   1903. 
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of  which  may  be  accurately  determined  by  means  of  standard 
iodine  and  thiosulphate  solutions. 

The  conditions  necessary  for  a  maximum  yield  of  acetone 
concern  the  concentrations  of  sulphuric  acid,  and  of  bichromate. 
Too  little  suphuric  acid,  even  with  an  excess  of  bichromate  liber- 
ates the  acetone  very  slowly  and  perhaps  incompletely;  while  a 
very  great  excess  of  sulphuric  acid  decomposes  ^-oxybutytic  acid 
with  the  formation  of  crotonic  acid.  The  optimtmi  concentration 
appears  to  be  between  3  per  cent  and  7  per  cent  sulphuric  acid. 
The  following  experiments  show  the  eflFect  of  varying  amounts  of 
sulphuric  acid  upon  the  speed  with  which  the  acetone  is  formed. 

The  determinations  were  made  in  a  fairly  pure  solution  of  inactive 
^-oxybutyric  acid,  made  by  the  reduction  of  acetacetic  ester  by  sodium 
amalgam  (Wislicenus).*  About  90  per  cent  of  the  titrated  acidity  of 
the  solution  was  due  to  oxybutyric  acid  (from  the  determination  of  acetone 
under  conditions  giving  the  correct  results). 

The  volume  of  each  distillate  was  about  300  cc;  more  water  was  added 
to  the  distilling  flask  before  each  subsequent  distillation  or  the  volume  was 
kept  constant  at  about  500  cc.  by  means  of  water  from  a  dropping  fxmnel. 

The  acetone  in  the  distillates  was  determined  as  usual  with  standard 
(103.5  per  cent  ^)  thiousulphate  and  iodine  solutions,  of  which  i  cc.  — 
I  mg.  acetone.     The  results  are  given  in  milligrams  of  acetone. 

With  i.o  gram  potassium  bichromate: 

I.       1  cc.  H,S04 1st    dist.  16 . 0  mg.  acetone.* 

2d  **  18.8 
3d  «  7.0 
4th     «        2.4 

44.8 

II.       2  cc.  H^O^ 1st  dist.  21.5 

2d      «      19.0 

3d      "        6,2  « 

4th    «        1.7 


48.4 


III.       5 cc.  HjSO^ 1st  dist.  39. 1 

2d      «      10.6 

49.7 
*  Wislicenus:  Ann.  d,  Chem.,  cxlix,  p.  205,  1869. 
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IV.    20cc.  H,S04 1st  dist.  47.0  mg.  acetone. 

2d     «       0.0 

47.0  « 

V.  6Qcc.  H,S04 1st  dist.  40.6 

2d     "       0.0  « 

40.6       •      « 

VI.  50cc.  HjSO^ 1st  dist.  43.0 

2d      «        0.0  " 

43.0 


a  - 


For  bichromate  the  danger  Hes  in  use  of  too  large  a  quantity, 
which  gives  very  low  results:  probably  because  of  a  further  oxida- 
tion of  the  acetacetic  acid,  first  formed.  This  danger  may  be 
averted  by  adding  the  potassium  bichromate  in  a  dilute  solution 
from  a  dropping  funnel  during  the  distillation.  At  the  same  time 
the  concentration  of  sulphuric  acid  is  thereby  kept  practically 
constant. 

The  following  results  show  the  effect  of  varying  qtfantities  of 
potassium  bichromate;  in  these  experiments  both  sulphuric  acid 
and  bichromate  were  added  before  starting  the  distillation. 
The  original  volume  in  each  distilling  flask  was  about  500  cc.  of 
which  about  300  to  350  cc.  was  distilled. 


With  10  cc.  H,SO, 

I. 

With  0.3gm.K,Cr,O,     - 

40.0  mg. 

acetone. 

II. 

0.5    «           « 

40.0 

« 

III. 

0.5    « 

41.0 

« 

IV. 

1.0    " 

36.0 

« 

V. 

1.0    « 

35.3 

a 

VI. 

3.0    « 

36.8 

a 

VII. 

5.0    ** 

23.7 

u 

With  15  cc.  H,SO 

►4 

I. 

With      1  gm.  KjCrO, 

36.2 

M 

II. 

6     " 

23.5 

m 

III. 

10.    «           "       * 

20.6 

u 

IV. 

20     «      (20cc.H,SO,)13.9 

u 
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The  following  are  the  results  of  similar  determinations  except 
that  the  bichromate  (in  dilute  solution,  usually  0.2  to  0.5  per  cent) 
was  added  from  a  dropping  funnel  during  the  distillation;  the 
solution  dropping  in  about  as  fast  as  the  distillate  collected. 


I. 
II. 

10cc.H,SO,0.5 
10       «          0.5 

gnl. 

a 

K,Cr,0, 

u 

40 . 0  mg.  acetone. 
40.0 

III. 

7 

u 

0.5 

u 

u 

41.0 

a 

IV. 

7 

u 

0.6 

u 

u 

40.0 

u 

V. 

10 

u 

3.0 

u 

u 

38.0 

a 

VI. 

10 

u 

3.0 

u 

u 

38.4 

a 

VII. 

10 

u 

3.0 

u 

u 

36.7 

u 

VIII. 

10 

u 

3.0 

u 

a 

38.7 

u 

IX. 

10 

u 

3.0 

u 

u 

36.8 

u 

X. 

20 

u 

3.0 

u 

u 

38.1 

u 

In 

a 

Mg.  acetone 
per  100  00.  oxy 
butyrio  aoia 
solution. 

I. 
II. 

20  cc.  oxybutyric  acid  sol. 
40    "         «         «         « 

15  cc. 
15    « 

H,SO,  1%] 
1 

K.Cr,0, 

U 

84.0 

84.5 

III. 

20 

a 

u 

M 

u 

15    " 

u 

1 

u 

81.6 

IV. 

40 

a 

a 

U 

u 

15    « 

a 

1 

u 

79.5 

V. 

20 

u 

u 

U 

u 

20    « 

M 

2 

M 

78.6 

VI. 

40 

u 

u 

U 

u 

20    " 

u 

2 

u 

79.3 

VII. 

20 

u 

u 

U 

u 

20    " 

u 

2 

u 

82.5 

VIII. 

40 

u 

u 

a 

u 

20    " 

u 

2 

u 

83.0 

IX. 

20 

u 

u 

u 

u 

20    " 

u 

0.1 

u 

82.5 

X. 

20 

u 

u 

u 

u 

20    « 

u 

2. 

u 

79.5 

These  residts  show  that  even  when  a  dropping  fimnel  is  used 
for  the  addition  of  the  bichromate,  the  solution  should  not  be  too 
concentrated,  or,  what  is  the  same  thing,  the  bichromate  should 
be  added  slowly.  When  this  is  done  the  results  are  accurate.  In 
order  to  prove  this  point  sodium  salt  of  the  inactive  acid  (already 
about  90  per  cent  pure)  was  prepared  and  recrystallized  three 
times  from  absolute  alcohol.  This  recrystallized  salt  was  dissolved 
in  water,  excess  of  sulphuric  acid  added,  cooling  with  ice,  and  the 
solution  dehydrated  with  plaster  of  paris.  The  plaster  was  pow- 
dered and  extracted  with  dry  ether  in  a  Soxhlet  apparatus.  The 
aqueous  solution  of  the  ether  residue  was  boiled  with  pure  bone 
black,  filtered,  cooled  and  a  portion  titrated  with  y\  alkali  (phenol- 
phthalein). 
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25  cc.  -  6.85  cc.  y^j  X  10.4  «  71.2  mg.  ^-oxybutyric  acid  -  39.6  mg. 
acetone. 

Five  determinations  tinder  identical  conditions  in  25  cc.  por- 
tions of  this  solution  gave 


40.2  mg. 

acetone 

-  101. 3  per  cent. 

39.1     " 

a 

98.8      ^ 

41.0    « 

u 

103.3      " 

40.7     \ 

a 

102.7      « 

39.2    « 

u 

99.0      « 

The  distillations  were  carried  out  with  15  cc.  of  concentrated 
sulphuric  acid  and  keeping  the  volume  nearly  constant  at  about 
400  cc.  by  dropping  in  water  or  0.2  per  cent  potassium  bichro- 
mate from  a  dropping  ftmnel.  A  total  of  about  i  gram  of  potas- 
sium bichromate  was  added,  and  about  800  cc.  distilled  in  each 
case. 

When  this  method  was  applied  to  urine,  difficulties  were  at  once 
encoimtered ,  but  were  satisfactorily  overcome. 

Normal  urines  distilled  with  chromic  acid  give  acetone  although 
in  small  quantities.  This  was  shown  in  1885  by  Fluckiger,* 
who  fotmd  the  chief  source  of  the  acetone  in  the  conjugated 
glucuronic  acids.  The  glucuronic  acids  may  however  be  removed 
by  basic  lead  acetate  and  ammonia,  which  reagents  do  not  pre- 
cipitate /?-oxybutyric  acid.  The  small  quantities  of  formic  and 
butyric  acids  present  in  normal  and  pathological  urines  would 
interfere  with  the  determination  of  ^-oxybutyric  acid  by  this 
method,  but  these  volatile  acids  may  be  removed  by  distilling 
the  urine  with  sulphuric  acid  before  the  addition  of  bichromate.' 

*  Fldckiger:  Zeitschr,  f.  physiol.  Chem.,  ix,  p.  343. 

'^-Oxybutyric  acid  in  the  concentration  present  during  the  distilla- 
tion (never  over  0.05  per  cent)  is  not  decomposed  by  i  per  cent  to  10  per 
cent  sulphuric  acid.  Ten  cc.  /?-oxybutyric  acid  solution  +  500  cc.  water 
+  15  cc.  sulphuric  acid  was  distilled  until  200  cc.  distillate  had  collected. 
This  distillate  contained  0.35  cc.  ^^  acidity,  the  equivalent  of  3.6  mg.  of 
^-oxybutyric  acid.  The  liquid  in  the  distilling  flask  was  again  distilled, 
this  time  dropping  in  0.5  per  cent  potassium  bichromate.  This  distillate 
contained  1.08.4  nig.  acetone.  Duplicate  determinations  in  the  same  oxy- 
butyric  acid  solution,  but  without  previous  boiling  with  sulphuric  acid, 
gave  107.8  mg.  and  108.6  mg.  acetone.  Araki:  Zeitschr.  /,  physiol.  Chem., 
xviii,  p  I,  1893)  found  on  distilling  200  cc.  of  a  i  per  cent  solution  of 
^-oxybutyric  acid  that  about  i  per  cent  (0.019  gm.)  passed  over  as  cro- 
tonic  acid  in  the  first  100  cc.  distillate. 
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Any  formic  acid  passing  into  the  distillate  containing  the  acetone  from 
^-oxybutyric  acid  would  use  up  iodine  in  the  subsequent  titration;  while 
butyric  acid,  on  treatment  with  bichromate  is  partially  oxidized,  pre- 
sumably to  ^-oxybutyric  acid,  thus  increasing  the  yield  of  acetone. 

Glucose  also  presents  obstacles,' since  on  treatment  with  chromic 
acid  small  quantities  of  what  I  believe  to  be  formic  aldehyde 
and  formic  acid  are  formed.  This  trouble  is  very  easily  over- 
come by  redistilling  the  distillate  supposed  to  contain  acetone 
from  /?-oxybutyric  acid,  with  hydrogen  peroxide  and  alkali. 
The  acetone  is  not  attacked*  but  the  aldehyde  (?)  is  oxidized 
to  the  corresponding  acid,  which  is  held  back  by  the  alkali. 

Lactic  acid,  when  present,  also  interferes,  presumably  by  the 
formation  of  acetic  aldehyde  which  passes  over  with  the  acetone, 
and  yields  iodoform  on  treatment  with  hypoiodite;  but  this  diffi- 
culty is  likewise  wholly  removed  by  subsequent  distillation  with 
hydrogen  peroxide  and  alkali. 

The  following  experiments  illustrate  the  above  statement 
concerning  glucose  and  lactic  acid. 

2  grams  glucose  in  500  cc.  water  +  10  gm.  sulphuric  acid  distilled, 
dropping  in  3  per  cent  potassium  bichromate  (12  gm.).  600  cc.  of  the 
distillate  titrated  with  iodine  and  thiosulphate  gave  thfe  equivalent 
of  19.7  mg.  acetone;  but  no  iodoform  was  found,  the  solution  remaining 
clear. 

I  gram  glucose  in  500  cc.  water  +  5  cc.  ,5-oxy butyric  acid  solution  + 
10  cc.  sulphuric  acid.  Distilled,  dropping  in  3  per  cent  potassium  bichro- 
mate (9  gm.).  Distillate  —  46.2  mg.  acetone.  Duplicate  —  47.3  mg. 
acetone. 

No  glucose,  5  cc.  ;9-oxybutyric  acid  solution,  etc.  Distillate  «  36.7 
mg.  acetone.     Duplicate  =  38.7  mg.  acetone. 

I  gm.  glucose  -f  50  cc.  of  a  different  ^-oxybutyric  solution  -I-  10  cc. 
sulphuric  acid  H-  water.  Distilled,  dropping  in  2  per  cent  potassium 
bichromate.  First  distillate  redistilled  with  25  cc.  3  per  cent  hydrogen 
peroxide  -f  5  cc.  10  per  cent  sodium  hydroxide.     This  distillate  —  41.6 

*  Dakin :  This  Journal,  iv,  p.  81 ,  1908.  The  following  experiment  shows 
the  stability  of  acetone  in  the  presence  of  hydrogen  peroxide.  25  cc.  of 
a  dilute  acetone  solution  titrated  direct  with  standard  iodine  and  thio- 
sulphate -=  36.3  mg.  acetone.  25  cc.  acetone  solution  -h  400  cc.  water 
-I-  25  cc.  3  per  cent  hydrogen  peroxide  -\-  5  cc.  10  per  cent  sodiiun  hy- 
droxide. Distillate  contained  36.3  mg.  acetone.  Duplicate  distillate 
contained  36.9  mg.  acetone. 
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mg.  acetone.     Control  determination  in  pure  solution  without  glucose 
"-42.8  mg.  acetone. 

2.5  gms.  calcium  lactate  in  50a  cc.  water  -f  10  cc  sulphuric  acid. 
Distilled,  dropping  in  2  per  cent  potassium  bichromate.  400  cc  of  the 
distillate  gave  the  equivalent  of  80  mg.  acetone,  with  the  formation  of 
much  iodoform. 

I  gm.  calcium  lactate  in  500  cc.  water  4-  25  cc.  acetone  solution 
( =■  36«3  nig.  acetone)  -f  10  cc.  sulphuric  acid.  Distilled  500  cc,  dropping 
in  2  per  cent  potassium  bichromate  (4  gms.) 

(a)  125  cc.  distillate  titrated  direct  —  18.3  X  4  =  73.2  mg.  acetone. 

(b)  250  cc.  distillate  redistilled  with  hydrogen  peroxide  4-  sodium 
hydroxide  «  17.9  X  a  -  35.8. 

(c)  Gave  strong  positive  reaction  with  ammoniacal  silver  nitrate  solu- 
tion containing  sodium  hydroxide. 

By  the  use  of  basic  lead  acetate  and  ammonia,  and  of  the  sec- 
ond distillation  with  hydrogen  peroxide  and  alkali  it  is  possible 
to  overcome  all  of -the  more  serious  drawbacks  to  this  method 
which  I  have  so  far  encountered. 

Phenol  and  skatol  from  the  conjugated  acids  may  still  cause 
some  inaccuracy  but  the  greater  part  of  these  substances  pass 
over  in  the  preliminary  distillation  with  sulphuric  acid  alone;  and 
in  any  event  this  error  is  very  small — ^from  20  to  perhaps  100  mg. 
in  a  24-hour  urine. 

Other  substances,  such  as  leucin,*  sometimes  present  in  urine 
in  relatively  small  quantities,  may  be  capable  of  forming  acetone 
imder  the  circumstances,  but  it  is  not  likely  that  this  possible 
error  is  of  sufficient  size  to  materially  detract  from  the  usefulness 
of  the  method. 

A  number  of  different  normal  and  pathological  urines,  not  con- 
taining /J-oxybutyric  acid,  which  I  have  examined  have  given 
results  equivalent  to  less  than  o.ioo  gram  /J-oxybutyric  acid  for  a 
24-hour  urine  (o.oio  gram  to  0.080  gram). 

In  the  routine  use  of  this  method  we  determine  at  the  same 
time  the  preformed  acetone  plus  acetone  from  diacetic  acid,  with 
very  satisfactory  results.  The  three  distillations  of  the  Mes- 
singer-Huppert  method  are  for  practical  purposes  unnecessary, 
though  two  distillations  are  desirable. 

The  method  which  I  propose  for  the  determination  of  acetone 
+  diacetic  acid,  and  of  ^-oxy butyric  acid  is  carried  out  as  follows: 

*Dakin:  This  Journal,  iv,  p.  63,   1908. 
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From  25  to  250  cc.  of  urine,  depending  upon  whether  much  or 
little  /?-oxybutyTic  acid  is  expected,*  is  measured  into  a  500  cc. 
volumetric  flask  and  an  excess  of  basic  lead  acetate  and  10  cc. 
of  concentrated  ammonium  hydroxide  are  added.  This  is  diluted 
to  the  mark  with  water,  shaken  and  filtered.  An  aliquot  part 
of  the  filtrate  (usually  200  cc.)  is  diluted  with  water  to  500  to 
600  cc,  15  cc.  of  concentrated  stdphuric  acid  and  talcum  added, 
and  the  mixture  distilled  until  200  to  250  cc.  of  distillate  has  col- 
lected.    (Distillate  A.) 

The  distilling  flask  (800  cc.  Kjeldahl's  are  convenient)  must  be 
fitted  with  a  dropping  tube  and  water  run  in  to  prevent  the  vol- 
ume in  the  flask  from  becoming  less  than  400  cc. 

Distillate  A  contains  the  acetone,  preformed  and  from  diacetic 
acid,  and  also  the  volatile  fatty  acids  present;  to  remove  the 
latter,  including  the  disturbing  formic  acid,  distillate  A  is  redis-* 
tilled  after  adding  a  little  fixed  alkali  (5  cc.  of  10  per  cent  sodium 
hydroxide).  This  distillate  (Aj)  is  titrated  with  standard  iodine 
and  thiosulphate. 

The  residue  of  urine  -h  sulphuric  acid  from  which  Distillate  A 
was  obtained  is  again  distilled,  dropping  in  400  to  600  cc.  of  o.i 
per  cent  to  0.5  per  cent  potassium  bichromate  solution.  (Ordi- 
narily 0.5  gm.  potassium  bichromate  will  be  sufficient;  with 
much  sugar  or  when  much  urine  is  used  even  2  or  3  gms.  may  be 
necessary.)  The  potassium  bichromate  solution  should  not  be 
added  faster  than  the  distillate  collects  unless  the  boiling  liquid 
turns  pure  green,  thus  indicating  that  the  bichromate  is  being 
used  up  more  rapidly.  When  about  500  cc.  of  distillate  (B)  has 
collected,  20  cc.  of  3  per  cent  hydrogen  peroxide  is  added  to  the 
distillate  (or  the  distillate  may  be  collected  in  a  flask  containing 
the  hydrogen  peroxide)  together  with  a  few  cc.  of  sodium  hydrox- 
ide solution  and  this  distillate  (B)  is  again  distilled.     This  dis- 


*  Of  diabetic  or  other  urines  giving  a  strong  ferric  chloride  reaction  for 
diacetic  acid,  or  when  5  to  i  o  grams  or  more  /?-oxybutyric  acid  is  expected, 
25  to  50  cc.  or  even  less  urine  will  be  found  a  suitable  quantity;  when  little 
or  no  ;9-oxy butyric  acid  is  expected,  125  cc.  or  250  cc.  may  be  used.  In 
either  case  the  amount  taken  is  sufficient  for  duplicate  determinations. 
The  aim  should  be  to  use  such  a  quantity  of  urine  as  will  give  between 
25  and  50  mg.  of  acetone  from  ^-oxybutyric  acid. 
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tillate  now  obtained  (B,;  300  cc.  shotdd  be  distilled)  is  titrated 
as  usual  with  iodine  and  thiostdphate. 

A  good  condenser  must  be  used  for  the  distillations,  but  it  is 
not  necessary  to  cool  the  distillates  with  ice,  as  is  sometimes 
recommended. 

We  find  it  convenient  to  make  our  thiosulphate  and  iodine 
solution  103.4  per  cent  yv-  Each  cc.  of  the  iodine  solution  is  then 
equal  to  i  mg.  of  acetone  or  to  1.794  mg.  of  j9-oxybutyric  acid. 
The  thiosulphate  is  accepted  as  the  standard,  and  is  restandard- 
ized  from  time  to  time  by  ^  potassitun  bi-iodate. 

A  few  determinations  in  urines  containing  no  j9-oxybutyric 
acid  and  also  of  normal  urines  to  which  were  added  varying  amoim^^ 
of  synthetic  j9-oxybutyric  acid,  are  given  below. 

Lab.  No.  622  Mixed  urine  of  5  days  from  a  case  of  epilepsy.  Average 
for  24  hours. 

Acetone  +  diacetic  —  0 .  018  gm.  acetone. 
^-Oxybutyric acid     -  0.018  " 

0.025 

•>^ 
Lab.  No.  626.     24-hour  xuine  from  a  case  of  Grave's  disease.     1220  cc 
sp.  gr.  1.017. 

Totals:  Acetone  +  diacetic  —  0. 015 gm.  acetone. 
^-Oxybutyric  -  0.025  " 

Lab.  No.  637.     24-hour  urine  from  woman  5  months  pregnant. 
Totals:     Acetone  +  diacetic  —  0.032  gm.  acetone. 
^-Oxybutyric  -  0.032  « 

Lab.  No.  638.  24-hour  urine  from  woman  7  months  pregnant,  wHo 
had  a  moderate  acidosis  some  weeks  earlier. 

Acetone  +  diacetic  —  0 .  006  gm.  acetone. 
^-Oxybutyric  -  0.007  " 

Lab.  No.  641.    Specimen  of  urine  representing  probably  about  12  hours 
from  a  case  of  puerperal  eclampsia.     Urine  passed  about  the  time  of  the 
convulsions  400  cc,  sp.  gr.  1.019;  0.25  per  cent  albumen. 
Acetone  +  diacetic  —  0 .  027  gm.  acetone. 
^-Oxybutyric  «   0.042  « 

Mixed  normal  urine. 

For  1000  cc. :  ^-oxybutyric  «  0 .  025  gm.  acetone. 
To  the  same  urine  was  added  1 .  50  gm.  j9-oxybutyric  acid  per  liter  of 
urine. 
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For  1000  cc.  of  urine,  ^-oxybutyric  acid  —  0.860  gm.  acetone. 

a  a  u  a  a  0.865  ** 

u  a  u  u  u  0.890  " 

a  H  u  u  u  0.860  " 

Average  —  0 .  869  gm.  acetone. 

—  1.56   gm.    ^-oxybutyric   acid. 
Determinations  in  same  ^-oxybutyric  acid  solution:   (a)  0.825  gm. 
(b)  0.830  gm.;  (c)  0.840  gm.;  (d)  0.840. 

Average  «  0 .  834  gm.  acetone, 

=   1 .  50  gm.  ^-oxybutyric  acid. 

Normal  urine:  sp.  gr.  1.021. 

Results  are  given  in  grams  of  acetone  per  1000  cc.  of  urine. 
I.     Without  treatment  with  basic  lead  acetate  and  ammonia. 
Acetone  -f  diacetic :  Distillate  A  titrated  direct   —  0  ..060  gm. 
Distillate  A  redistilled  with 

sodium  hydroxide  «  0.016    " 

^-Oxybutyric:     Distillate  B  titrated  direct   -  0.28      " 
Distillate  B  redistilled  with 
hydrogen  peroxide  and 
sodium  hydroxide  —  0.18      " 

II.  After   treatment   with    basic    lead   acetate   and 

ammonia. 
Acetone  +  diacetic:     Distillate  A  titrated  direct   —  0.042    " 
Distillate  A  redistilled  with 

sodium  hydroxide  —  0.008    " 

^-Oxybutyric:     Distillate  B  titrated  direct   -  0.046    " 
Distillate  B  redistilled  with 
hydrogen  peroxide  and 
sodium  hydroxide  —  0.018    " 

III.  Same  urine  +  ^-oxybutyric  acid  solution  (2000 

cc.  ^-oxybutyric  acid  solution  contained  ac- 
cording to  determinations  in  the  solution  0 .  686 
gm.  acetone).  2000  cc.  of  ^-oxy butyric  solu- 
tion to  1000  cc.  urine.  Treated  with  basic  lead 
acetate  and  ammonia. 
Acetone  -f  diacetic:    Distillate  A  titrated  direct 

Distillate  A  redistilled  with 
sodium  hydroxide. 
5-Oxybutyric:     Distillate  B  titrated  direct 

Distillate  B  redistilled  with 
hydrogen  peroxide  and 
sodium  hydroxide 


-  0.036 

0.036 

-  0.010 

-  0.706 

0.668 

-  0.670 

0.634 
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IV.  Same   proportions  of  urine   and  ^-oxybutyric 

acid  as  in  III;  8  gms.  glucose  added  per  100  cc. 
urine.      Treated  with  basic  lead  acetate  and 
ammonia. 
Acetone  -f  diacetic :    Distillate  A  redistilled  with 

sodium  hydroxide  —  0.016  gm. 

^-Oxy butyric  acid:     Distillate  B  redistilled  with 

H,0,  +  N^OH  -  0.664    " 

V.  Same  as  III,  but  4  gms.  calcium  lactate  added 

per  100  cc.  urine.      Treated  with  basic  lead 
acetate  and  ammonia. 
Acetone  +  diacetic :    Distillate  A  titrated  direct   —  0 .  042    ** 
Distillate  A  redistilled  with 

sodium  hydroxide  —  0.022    " 

j9-0xybutyric:  Distillate  B  titrated  direct   -  2.338    " 

Distillate  B  redistilled  with 
hydrogen  peroxide  and 
sodium  hydroxide  —  0.664    " 

VI.  Same  urine  +  one-half  the  amount  of  ^-oxy bu- 
tyric acid  (=  0.343  gm.  acetone  per  1000  cc. 
urine,  according  to  previous  determinations 
in  pure  solution).  Treated  with  basic  lead 
acetate  and  ammonia. 
Acetone  +  diacetic :    Distillate  A  redistilled  with 

sodium  hydroxide.  —  0.014    ** 

^-Oxybutyric:  Distillate  B  redistilled  with 

hydrogen  peroxide   and 
sodium  hydroxide.  —  0.330    ** 

0.334    « 
0.340    « 
Lab.  No.  627.     Diabetic  urine,  1710  cc,  sp.  gr.  1 .  025.     Determinations 
made  as  described  on  p.  220. 

Total  acetone  -f  diacetic  —  0.81  gm.  acetone. 

Total  ^-oxy butyric  =  2 .  00  gms.  acetone  or  3.60  gms.  ^-oxybutyric  acid. 
If  250  cc.  of  this  urine  (—  0.525  gm.  ^-oxybutyric  acid)  were  used  for 
a  determination  by  any  of  the  ether  extraction  methods,  the  ether  residue 
dissolved  in  50  cc.  water  and  the  resulting  1.05  per  cent  solution  read  in  a 
200  mm.  tube  in  the  polariscope,  an  error  of  0.05®  in  reading  would  be  9.5 
per  cent  of  the  total. 

I  am  indebted  to  Mr.  E.  A.  Reinoso  for  carrying  out  many  of 
these  experiments. 
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THE  EXCRETION  OF  KREATININ  AND  KREATIN  IN 
HEALTH  AND  DISEASE. 

By  PHILIP   SHAFFER. 

[From    the   Department  of  Experimental  Pathoiojiy^    Cornell    University 
Medical  College^  New  York.] 

IT  is  the  purpose  of  this  paper  to  present  results  on  the  excretion 
of  kreatinin  and  of  kreatin  by  normal  and  by  pathological  sub- 
jects, in  the  hope  of  throwing  some  further  light  upon  the  physio- 
logical significance  of  these  two  substances. 

Previous  to  1904  the  Neubauer  method  ^  of  precipitation  with 
zinc  chloride  was  used  for  the  determination  of  kreatinin;  while 
for  the  determination  of  kreatin  the  substance  was  isolated  as  such 
and  weighed.  In  neither  case  are  the  results  reliable  from  a  quanti- 
tative standpoint. 

A  complete  review  in  this  paper  of  the  observations  made  by  the 
use  of  these  methods  would  serve  no  purpose,  since  the  literature 
of  this  subject  has  been  fully  treated  by  recent  writers.^  The  more 
important  of  these  observations  may,  however,  be  again  stated  very 
briefly. 

*  Neubauer  :  Annalen  der  Chemie  und  Pharmacie,  i86r,cxix,  p.  33 ;  Salkow- 
SKi:  Zeitschrift  ftir  physiologische  Chemie,  1886,  x,  p.  113;  Salkowski  and 
Taniguti  :  Ibid.y  1890,  xiv,  p.  471. 

*  Von  Noorden's  Handbuch  der  Pathologie  des  Stoffwechsels :  Hoogen- 
HUYZE  and  Verploegh  :  Zeitschrift  fur  physiologische  Chemie,  1905,  xlvi,  p.  415  ; 
Mellanby:  Journal  of  physiology,  1908,  xxxvi,  p.  447. 
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Acid  human  urine  contains  kreatinin,  and  little  or  no  kreatin ;  an 
alkaline  urine  contains  kreatin  instead  of  kreatinin  (Voit^).  The 
amount  of  kreatinin  excreted  by  an  adult  was  found  to  vary  betwwn 
0.4  gm.  and  1.5  gm.  (Voit,'*  Munk,*  Neubauer,^  Hofmann^),  and 
was  believed  to  depend  upon  the  amount  of  protein  as  well  as  upon 
the  amount  of  kreatin  (Gruber/  Hofmann,®  Meissner,®  Mallet*) 
in  the  food.  Regarding  other  factors,  Hofmann  ®  found  that  the 
amount  of  kreatinin  excreted  increases  with  growth,  and  declines 
in  old  age ;  that  the  amount  excreted  by  women  is  somewhat  lower 
than  that  of  men ;  that  body  height  has  no  influence,  and  that  there 
is  some  relationship  between  body  weight  and  the  amount  of  krea- 
tinin excreted,  but  apparently  he  did  not  consider  the  last-mentioned 
point  of  great  importance,  since  he  did  not  give  the  weights  of  any 
of  his  subjects. 

In  view  of  the  close  chemical  relationship  between  kreatin  and 
kreatinin  and  of  the  supposed  ease  with  which  one  is  converted  into 
the  other,  it  is  very  generally  believed,  but  without  any  definite 
proof,  that  the  kreatinin  of  the  urine  is  derived  from  the  kreatin  of 
the  muscles. 

Conflicting  statements  are  to  be  found  concerning  the  influence 
of  muscular  work.  Moitessier,^^  Grocco,^^  and  Gregor^^  found  an 
increased  excretion  of  kreatinin  following  muscular  work,  while 
Hofmann  ®  and  Meissner  ®  reached  the  opposite  conclusion.^* 

With  pathological  individuals  and  using  the  Neubauer  method, 
Hofmann,^  Schottin,^^  and  Munk,'*  found  an  increased  excretion  in 

8  VoiT:  Zeitschrift  fiir  Biologic,  1868,  iv,  p.  77. 

•  MuNK :  Deutsche  Klinik,  1862,  No.  30,  p.  299. 

•  Neubauer  :  Annalen  der  Chemie  und  Pharmacie,  1862,  cxx,  p.  27. 

•  Hofmann:    Virchow's    Archiv  fiir  pathologische   Anatomie,   1869,  xlviii, 

p.  358. 

^  Gruber:  Zeitschrift  fiir  Biologie,  1901,  xlii,  p.  416. 

•  Meissner  :  Zeitschrift  fiir  rationelle  Medicin,  1865-68,  xxiv,  xxvi,  and  xxxi. 

9  Mallet:  Bulletin  No.  66,  1899,  U.  S.  Office  of  Experiment  Stations. 
"  Moitessier:  Thesis,  1891.     Cit.  by  Hoogenhuyze  and  Verploegh. 

"  Grocco:  Cit.  Maly's  Jahresbericht,  1886,  xvi,  p.  199. 

"  Gregor:  Zeitschrift  fiir  physiologische  Chemie,  1900,  xxxi,  p.  98. 

"  I  need  not  refer  here  to  the  recent  experiments  on  this  point.  By  the  use  of 
the  FoLiN  method  it  has  been  shown  that  neither  an  increased  (Hoogenhuyze  and 
Verploegh)  nor  a  decreased  (Shaffer)  muscular  activity  has  any  effect  upon 
the  amount  of  kreatinin  excreted. 

"  Schottin:  Cit.  by  Kraus  in  Von  Noorden's  Handbuch  der  Pathologic 
des  Stoifwechsels,  1906,  i,  p.  137. 
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fevers.  Low  results  were  found  in  chronic  under-nutrition  (Hof- 
mann®);  in  convalescence  (Munk*);  in  chlorosis  (Hofmann®); 
in  pernicious  anaemia,  in  myelogenous  leucaemia,  and  in  lymphatic 
leucaemia  (Stejskall  and  Erben^^);  in  pseudo  leuciiemia  (Mora-  ^ 
czewski^®);  and  in  muscular  atrophy  (Weiss,  Jakubowitsch, 
Langer^"^).  A  high  excretion  of  kreatinin  was  noted  in  diabetes 
(Senator,  Gathgens,  and  others  ^^),  probably  because  of  the  kreatin 
and  kreatinin  in  the  meat  eaten. 

But  on  account  of  the  inaccuracy  of  the  analytical  method  used 
and  of  the  great  variations  found  in  the  amounts  of  kreatinin  ex- 
creted by  normal  persons,  these  pathological  results  have  lacked  any 
great  significance,  and  must  now  be  accepted  with  caution. 

With  the  advent  of  Folin*s  quick  and  relatively  accurate  method  ^® 
for  the  determination  of  kreatinin  and  kreatin,  interest  concerning 
these  substances  was  greatly  revived ;  in  consequence,  our  knowledge 
concerning  them  has  been  materially  advanced,  and  in  several  im- 
portant instances  the  conclusions  of  earlier  investigators  as  stated 
in  the  foregoing  pages  have  already  been  disproved. 

Folin  first  showed  that  the  amount  of  kreatinin  excreted  in  the 
urine  by  a  normal  individual  is,  contrary  to  Hofmann's  conclusion, 
quite  independent  of  the  amount  of  protein  in  the  food,  or  of  total 
nitrogen  in  the  urine;  the  amount  of  kreatinin  excreted  from  day 
to  day  is  practically  constant  for  each  individual  (presumably  under 
the  same  conditions  of  health  and  muscular  activity ).^^ 

This  constancy  of  kreatinin  excretion  has  been  fully  confirmed 
by  Hoogenhuyze  and  Verploegh,^^  Klercker,^^  Closson,^^  and  the 

^^  Stejskall  and  Erbbn:  Zeitschrift  fiir  klinische  Medicin,  1900,  xxxix 
and  xl. 

*•  MoRAczGWSKi :  ViRCHOw's  Afchiv  fiir  pathologische  Anatomic,  1898,  cli, 
p.  22. 

"  Weiss:  Wiener  klinische  Wochenschrift,  1877,  p.  701;  Jakubowitsch: 
Neurologisches  Centralblatt,  1884,  p.  279;  Langer:  Deutsche  Archiv  fiir  kli- 
nische Medicin,  1883,  xxxii,  p.  395. 

*•  Cit.  by  Von  Noorden  :  Handbuch  der  Pathologie  des  Stoifwechsels,  1907, 
ii,  p.  90. 

*•  Folin:  Zeitschrift  fur  physiologiscbe  Chemie,  1904,  xli,  p.  223. 

^  Folin  admitted  that  the  amount  excreted  might  be  dependent  upon  the 
amount  of  muscular  work  (This  journal,  1905,  xiji,  p.  86). 

"  Hoogenhuyze  and  Verploegh  :  Zeitschrift  fiir  physiologiscbe  Chemie, 
1905,  xlvi,  p.  415. 

^  Klercker:  Biochemische  Zeitschrift,  1907,  iii,  p.  45. 

*•  Closson  :  This  journal,  1906,  xvi,  p.  252. 
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writer.^"*-  If  the  subject  is  receiving  sufficient  food,  the  kreatinin 
excretion  is  the  same  with  i6  gm.  as  it  is  with  4  gm.  total  nitrogen 
in  the  urine.  Folin  ^^  and  Klercker  ^^  further  showed  that,  contrary 
to  the. previously  accepted  views,  the  excretion  of  kreatinin  is  wholly 
unaffected  by  the  ingestion  of  kreatin;  and  this  result  has  been 
confirmed  by  Wolf  and  the  writer.^® 

Since  kreatinin,  unlike  any  other  known  product  of  normal 
metabolism  excepting  perhaps  uric  acid,  is  independent  of  the  total 
amount  of  protein  kataboHzed,  it  appears  to  be  of  the  greatest  inter- 
est to  learn  the  full  significance  of  kreatinin,  and  to  determine 
further  the  factors  which  may  influence  the  amount  of  this  sub- 
stance excreted  in  the  urine. 


The  Normal  Excretion  of  Kreatinin. 

While  the  kreatinin  excretion  is  practically  constant  from  day 
to  day  for  each  healthy  individual,  different  persons  excrete  different 
amounts ;  and  Folin  pointed  out  that  "  the  chief  factor  determining 
the  amount  of  kreatinin  eliminated  appears  to  be  the  weight  of  the 
person."  ^^  He  further  realized  that  the  amount  of  adipose  tissue 
must  be  considered,  because  he  noted  that  the  fatter  the  subject  the 
less  kreatinin  is  excreted  for  each  kilo  of  body  weight.  Folin 
considered  these  points  rather  briefly,  but  the  conclusion  from  his 
results  is  that  the  amount  of  kreatinin  excreted  depends  primarily 
upon  the  mass  of  active  protoplasmic  tissues. 

Since  we  have  no  method  of  accurately  measuring  the  amount 
of  adipose  tissue  in  various  individuals,  the  best  that  we  can  do  is 
to  express  the  amount  of  kreatinin  excreted  as  milligrams  kreatinin, 
or,  as  seems  to  me  preferable,  as  milligrams  kreatinin-nitrogen  per 
kilo  of  body  weight.  This  ratio,  milligrams  kreatinin-nitrogen  per 
kilo  of  body  weight,  I  have  called  the  "  kreatinin  coefficient,'*  ^^  and 
this  term  will  be  used  in  the  following  pages. 

**  Shaffer:  This  journal,  1908,  xxii,  p.  445. 

*5  Folin:  Hammarsten's  Festschrift,  1906,  iii,  p.  i. 

*  Wolf  and  Shaffer:  Journal  of  biological  chemistry,  1908,  iv,  p.  439. 

"  Folin  :  This  journal,  1905,  xiii,  p.  85. 

^  **  The  effect  of  muscular  activity  on  kreatinin  excretion  ;  with  preliminary 
observations  on  the  excretion  of  kreatinin  in  health  and  disease,"  Proceedings  of 
the  American  Physiological  Society,  New  York,  Dec.  1906.  In  this  paper  the 
kreatinin  coefficients  were  expressed  as  milligrams  kreatinin,  but  I  have  since 
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Table  I  contains  averages  of  kreatinin  values  determined  by 
Folin's  method,  in  the  urine  of  supposedly  normal  persons ;  most  of 
these  results  have  been  taken  from  the  literature,  only  the  last  ten 
being  my  own.  Almost  all  of  the  figures  are  averages  from  several 
days  and  in  some  cases  represent  much  longer  periods.  These 
figures  contain  evidence  in  favor  of  the  factors,  body  weight  and 
amount  of  adipose  tissue,  suggested  by  Folin,  as  influencing  the 
kreStinin  excretion.  But  these  are  certainly  not  the  only  factors  of 
influence,  and  because  of  the  complexity  of  the  subject  it  is  difficult 
to  show  the  effect  of  any  one  factor  alone. 

These  figures,  covering  37  supposedly  normal  cases,  show  an 
average  of  8.1  with  a  maximum  of  11.7  and  a  minimum  of  5.4. 
These  we  may  for  the  present  accept  as  the  normal  limits  for  krea- 
tinin excretion,^®  although  I  believe  that  a  closer  analysis  and  further 
experience  will  show  that  kreatinin  coefficients  below  7  are  normal 
only  for  elderly,  inactive,  poorly  developed,  or  excessively  fat  sub- 
jects, and,  strictly  speaking,  none  of  these  conditions  is  normal. 

Hourly  Excretion  of  Kreatinin.  - 

In  view  of  the  remarkable  uniformity  in  the  excretion  of  kre- 
atinin from  day  to  day,  it  seemed  desirable  to  learn  the  extent 
of  variation  during  various  periods  in  the  twenty-four  hours.  A 
large  number  of  determinations  in  the  urine  of  seven  subjects 
showed  just  as  great  uniformity  in  the  hourly  excretion  of  kreatinin 
as  is  found  in  the  daily  excretion.  A  portion  of  these  results  is 
given  in  Table  II. 

The  time  of  each  period  was  exactly  noted,  and  an  effort  was  made  to  empty 
the  bladder  as  completely  as  possible  each  time  in  order  to  get  quite  all 
of  the  urine  secreted  in  the  time  stated.  No  meat  products  were  con- 
tained in  the  diets  except  where  noted  in  the  table. 

concluded  that  it  will  be  more  consistent,  and  in  the  end  less  confusing,  to  express 
the  kreatinin  coefficient,  like  results  of  other  nitrogenous  substances,  in  terms  of 
nitrogen. 

2^  The  kreatinin  coefficients  of  normal  dogs  are  practically  the  same  as  those 
given  above  for  man.  Wolf  and  Ostehberg  (Biochemische  Zeitschrift,  1907 
V,  304)  found  an  average  of  8.2  for  one  dog  (fourteen  days)  and  7.0  for  another 
(thirteen  days).  Results  of  my  own  from  four  dogs  lie  between  the  above  figures. 
The  amount  of  kreatinin  excreted  from  day  to  day  is  as  constant  for  dogs  as  for 
men  (Osterbekg  and  Wolf,  loc.  cU.y  and  unpublished  experiments  of  the  writer). 
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It  is  by  no  means  an  easy  matter  without  some  practice  to  empty  the 
bladder  completely,  especially  at  frequent  intervals,  and  it  is  not  unlikely 
that  at  least  some  of  the  slight  variations  found  are  to  be  explained  by 
this  difficulty.  Where  this  is  so,  a  low  result  will  of  course  precede  or 
follow  a  high  result. 

The  lack  of  effect  of  diuresis  on  the  excretion  of  kreatinin  is 
shown  in  some  of  these  figures.^^  With  subject  M.  S.  the  voljime 
of  urine  varied  from  24  c.c.  to  934  c.c.  per  hour,  the  latter  after 
taking  2  gm.  diuretin,  but  the  amount  of  kreatinin  excreted  in  each 
period  was  practically  the  same  (0.059  ^^^  0.054  gm.).  The  same 
thing  is  shown  in  the  results  from  P.  A.  S.  Between  i  and  2  p.m. 
on  one  day,  for  instance,  432  c.c.  of  urine  was  secreted,  containing 
68  mg.  of  kreatinin;  the  next  hour  only  66  c.c.  of  urine  was 
secreted,  but  this  contained  70  mg.  kreatinin. 

A  great  increase  or  decrease  in  the  amount  of  protein  ingested  at 
a  single  meal,  resulting  in  marked  change  in  the  amount  of  total 
nitrogen  excreted  per  hour,  is  also  without  effect  upon  the  hourly 
excretion  of  kreatinin.     (See  the  results  from  M.  S.) 

These  results  appear  to  show  that  the  regularity  of  excretion  of 
kreatinin  is  to  be  explained  by  a  regularity  of  formation,  and  not 
merely  by  a  regular  secretion  by  the  kidneys. 

There  are  slight  variations  during  the  twenty-four  hours,  but  the 
results  are,  on  the  whole,  remarkably  regular,  and  justify  the  belief 
that  kreatinin  is  formed  during  a  process  in  the  body  which  varies 
very  little  in  intensity  from  hour  to  hour. 

The  papers  by  Hoogenhuyze  and  Verploegh  and  by  Klercker  con- 
tain data  on  the  hourly  excretion  of  kreatinin ;  but  their  results  do 
not  show  any  such  regularity.  The  greater  variations  found  by 
these  investigators  are  possibly  due  to  some  inaccuracy  in  the  length 
of  periods,  etc.;  in  any  event,  my  results  show  that  there  is  a  far 
greater  regularity  in  the  hourly  excretion  than  their  observations 
indicate. 

Normal  Excretion  of  Kreatin. 

As  mentioned  earlier  in  this  paper,  Voit  believed  that  an  alkaline 
urine  contains  kreatin  instead  of  the  kreatinin  which  he  found  when 

■<>  When  less  than  about  8  mg.  of  kreatinin  was  contained  in  25  c.c  urine,  the 
latter  was  made  slightly  more  acid  with  HCl,  and  evaporated  to  a  smaller  volume 
before  the  determination.  Except  on  rare  occasions  and  for  very  small  quantities, 
kreatin  was  not  present  in  these  urines. 
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the  urine  was  acid.  This  is  not  correct.  Normal  fresh  urine, 
whether  acid  or  alkaline,  contains  kreatinin,  and  if  the  normal 
subject  has  not  taken  kreatin  in  his  food  during  the  preceding  few 
days,  his  urine  will  not  contain  kreatin,  whatever  its  reaction.  There 
is  no  normal  excretion  of  endogenous  kreatin.^^ 


Excretion  of  Kreatinin  by  Pathological  Subjects. 

During  the  past  three  years  we  have  been  carrying  on  in  this 
laboratory  metabolism  experiments  upon  various  hospital  patients, 
many  of  whom  were  in  bed.  From  these  subjects  we  have  found, 
very  frequently,  much  lowered  kreatinin  coefificients,  notwithstand- 
ing the  fact  that  many  of  the  patients  were  more  or  less  emaciated, 
and  therefore,  because  of  the  little  adipose  tissue,  we  might  perhaps 
have  expected  high  kreatinin  coefficients.  A  number  of  times  it 
has  been  further  observed  that  when  patients  improved,  got  out  of 
bed,  and  walked  around,  the  kreatinin  coefficient  was  raised  to  some 
extent.  When  I  referred  to  some  older  results  ^^  from  patients  at 
the  McLean  Hospital  for  the  Insane,  many  of  whom  were  not  in 
bed  and  had  no  definite  disturbance  of  their  vegetative  organs,  but 
who  were  not  taking  much  physical  exercise,  I  found  again  many 
instances  of  a  much  lowered  kreatinin  coefficient. 

These  findings  seemed  at  first  to  point  clearly  in  one  direction, — 
that  the  lowered  kreatinin  excretion  was  the  result  of  the  small 
amount  of  muscular  energy  expended  by  such  individuals.  I  there- 
fore proceeded  to  determine  the  eflfect  of  muscular  activity,  particu- 
larly of  a  greatly  diminished  activity,  on  kreatinin  excretion,  and, 
incidentally,  upon  the  general  protein  metabolism. 

These  experiments,  which  are  described  in  a  separate  paper,^^  led 
to  the  conclusion  that  the  amount  of  muscular  activity  is  in  itself 
wholly  without  eflfect  upon  the  amount  of  kreatinin  excreted.  We 
may,  therefore,  leave  out  of  consideration  the  factor  of  muscular 
work.  Some  other  explanation  must  be  found  for  the  very  low 
kreatinin  excretion  noted  in  abnormal  subjects. 

We  have  made,  in  this  laboratory,  observations  on  the  kreatinin 

•^  FoLiN  has  shown  that  kreatin,  when  ingested,  is  largely  retained  in  the  body 
unless  the  food  contains  a  large  amount  of  protein  (Hammarsten^s  Festschrift 
iii).     See  also  Klerckeh,  /oc.  ciL 

•^  FoLiN :  American  journal  of  insanity,  1904,  xli,  p.  299. 

•*  Shaffer  :  This  journal,  1908,  xxii,  p.  445. 
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excretion  of  more  than  two  hundred  different  persons,  representing 
a  variety  of  conditions.  Folin's  method  has  been  used  exclusively. 
The  lowest  kreatinin  coefficient  (2.4)  was  found  in  a  subject  of  lym- 
phatic leucaemia,  who  was  extremely  ill  and  died  about  a  week  later. 
Coefficients  of  3  or  4  are  comparatively  common  in  patients  who 
are  confined  in  bed  on  account  of  weakness,  whatever  may  be  the 
disease.  From  these  low  values  the  coefficients  vary  up  to  the  nor- 
mal figures,  8-1 1.  In  subjects  of  acute  fevers,  in  the  early  stages, 
the  excretion  of  kreatinin  is  quite  normal  or  high,  but  with  the  dis- 
appearance of  the  fever  the  kreatinin  falls  to  below  the  normal.^* 
The  publication  of  all  our  results  is  unnecessary;  a  few  will  be 
found  at  the  close  of  this  paper,  while  some  others  will  be  given 
in  forthcoming  papers  from  this  laboratory. 

The  facts  which  I  wish  to  emphasize  in  this  paper  are  that  a  low 
ejxretion  of  kreatinin  is  found  in  a  remarkably  large  number  of 
pathological  subjects,  representing  a  variety  of  conditions^  and  titat 
the  excretion  of  an  abnormally  small  amonnt  of  this  substance  is  by 
no  means  peculiar  to  any  one  disease. 

What  is  the  significance  of  low  kreatinin  excretion?  According 
to  Folin,^^  the  kreat-inin  excreted,  on  a  kreatinin-free  food,  is  an 
index  of  and  wholly  derived  from  endogenous  or  tissue  katabolism. 
Folin  has  not  defined  his  "  tissue  katabolism,"  but  if  we  understand 
that  term  to  cover  all  of  the  processes  taking  place  in  the  cells  of  the 
body  in  which  the  body  protein  is  broken  down,  the  total  endog- 
enous katabolism,  we  shall  be  compelled  to  modify  this  idea  of  the 
origin  of  kreatinin. 

At  a  meeting  of  the  American  Physiological  Society  (New  York, 
December,  1906),  after  comparing  normal  results,  as  given  in  a 
previous  chapter  of  this  paper,  with  low  results  from  a  number  of 
pathological  cases,  I  suggested  that  the  kreatinin  of  the  urine  is 
derived  from,  and  an  index  of,  not  the  total  tissue  or  endogenous 
katabolism,  but  of  one  process  of  this  tissue  katabolism;  and  1 
then  pointed  out  that  on  this  latter  process  appears  to  depend  the 
muscular,  or  general  cellular,  efficiency. 

•*  Lambert  and  Wolf  :  Proceedings  of  the  American  Society  of  Biological 
Chemists,  1907,  i,  p.  28;  Folin:  unpublished  results,  personal  communication; 
Shaffer:  unpublished  results;  Leathes  :  Journal  of  physiology,  1907,  xxxv, 
p.  205. 

"  Folin  :  This  journal,  1905,  xiii,  p.  84. 
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In  May,  1907,®®  I  presented  further  low  kreatinin  coefficients 
from  subjects  of  exophthalmic  goitre,  whose  total  endogenous  me- 
tabolism was  above  the  normal,  as  shown  by  rapid  loss  of  weight 
and  emaciation ;  and  the  conclusion  was  again  drawn,  "  that  crea- 
tinin  is  not  a  product  of  total  tissue  catabolism,  but  is  a  product  of 
certain  normal  cell  processes,  which  in  many  diseased  conditions 
may  be  extremely  sluggish  in  their  intensity,  even  though,  as  in 
exophthalmic  goitre,  the  total  tissue  catabolism  may  be  much  in- 
creased. The  low  creatinin  coefficients  in  all  marked  cases  of  ex- 
ophthalmic goitre  —  subjects  of  which  disease  are  especially  prone 
to  muscular  weakness  —  are  also  accepted  in  support  of  the  author's 
hypothesis  that  creatinin  is  an  index  of  muscular  tonus,  or  of  mus- 
cular and  perhaps  of  general  cellular  efficiency." 

Whether  kreatinin  arises  in  this  katabolic  process  in  all  of  the 
tissues  of  the  body,  or  whether  it  is  alone  formed  in  the  muscles, 
cannot  be  decided  without  further  experiments ;  ^'^  but  for  the  mus- 
cular tissues,  at  any  rate,  facts  support  the  belief  that  the  amount 
of  kreatinin  excreted  is  an  index  of  their  efficiency,  —  not  the 
amount  of  work  which  the  muscles  are  doing  at  the  time,  but  the 
amount  of  work  which  they  are  capable  of  doing. 

In  October,  1907,  a  paper  appeared  by  Spriggs,^®  who,  using 
Folin*s  method,  came  to  essentially  the  same  conclusion.  Spriggs 
found  the  kreatinin  excretion  very  low  (2.2  and  4  mg.  kreatinin 
nitrogen  per  kilo  body  weight)  in  two  cases  of  muscular  dystrophy 
(decrease  of  muscular  bulk)  ;  very  low  (1.9  mg.  kreatinin-nitrogen 
per  kg.)  in  a  case  of  amyotonia  congenita;  slightly  low  (5.6  mg.) 
in  a  case  of  myasthenia  gravis;  normal  in  one  case  of  locomotor 
ataxy  (7.1);  and  slightly  high  (?)  in  two  cases  of  tetanus  (7.8 
and  9.3). 

Spriggs  concluded  from  these  cases  that  "  creatinin  is  connected 
with  the  nutritional  metabolism  of  the  muscle  fibre,  and  is  not  a 

••  Shaffer:  Proceedings  of  the  American  Society  of  Biological  Chemists, 
1907,  i,  p.  22. 

^  The  experiments  of  Gottlieb  and  Stangassinger  (Zeitschrift  fur  physio- 
logische  Chemie,  lii  and  Iv)  appear  to  indicate  that  the  formation  of  kreatin  and 
kreatinin  takes  place  in  the  glandular  organs  as  well  as  in  the  muscles.  This  phase 
of  the  subject,  the  site  of  formation  of  kreatinin,  and  its  possible  relation  in  the 
body  to  kreatin  will  be  treated  of  in  a  future  paper.  Experiments  on  these  points 
by  Dr.  R.  A.  Hatcher  and  the  writer  were  begun  over  a  year  ago  and  are  still  in 
progress. 

^  Sprigg§  :  The  quarterly  journal  of  medicine  (Oxford),  1907,  i,  p.  6}, 
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substance  formed  in  the  act  of  contraction.  If  we  liken  the  muscles 
to  a  machine,  creatinin  as  a  waste  product  would  stand  in  relation 
to  the  structure  of  the  machine,  and  not  to  the  fuel  which  the  machine 
uses/'  This  statement  is  quite  in  accord  with  my  own  views,  as 
presented  to  the  American  Physiological  Society  and  to  the  Ameri- 
can Society  of  Biological  Chemists. 

If  this  idea  is  correct,  it  merely  means  that  in  a  muscle  in  a  high 
state  of  nutrition  and  development  certain  processes  which  cannot 
be  at  present  fully  defined,  but  which  lead  to  the  formation  of  kre- 
atinin  as  a  waste  product,  are  proceeding  at  a  greater  speed  than 
inra  muscle  organically  weak  or  diseased. 

The  actual  efficiency  of  a  muscle  depends  upon  a  number  of  fac- 
tors, one  of  which  is  the  nerve  impulse  sent  to  that  muscle;  but 
my  view  in  this  connection,  and  as  I  understand  it  the  view  held 
by  Spriggs,  considers  the  muscle  only  as  an  individual  machine, 
and  as  being  quite  independent  of  nervous  stimulation.  If  the 
motor  nerve  to  one  of  the  skeletal  muscles  is  cut,  that  muscle  is 
actually  unable  to  work,  but  on  account  of  the  lack  of  a  stimulus, 
and  not  because  of  any  inefficiency  of  the  muscle  fibres.  Potentially 
the  muscle  is  as  good  as  before.  This  applies  of  course  only  to  the 
immediate  effects ;  the  nervous  mechanism  being  destroyed  or  dis- 
eased, the  muscle  becomes  atrophied  from  disuse,  its  nutrition  is 
interfered  with,  and  then,  as  a  secondary  effect,  the  efficiency  of  the 
muscle  as  a  machine  is  decreased.  I  believe  it  is  only  this  second- 
ary effect  which  under  these  conditions  would  lead  to  a  decreased 
excretion  of  kreatinin. 

I  should  not  expect  temporary  anaesthesia,  for  instance,  to  cause 
any  marked  decfease  in  kreatinin  excretion,  although  it  would  for 
the  time  destroy  the  actual  muscular  efficiency;  a  long  illness  or 
old  age,  on  the  other  hand,  which  leaves  the  person  muscularly  weak 
should,  and  does,  cause  a  corresponding  decrease  in  the  amount  of 
kreatinin  excreted. 

Some  reservation  must  be  made  for  the  effect  of  fever,  which 
probably  increases,  though  in  my  experience  not  greatly,  the  excre- 
tion of  kreatinin;  and  it  cannot  be  supposed  that  fever  increases 
temporarily  the  efficiency  of  the  muscles.  The  greater  excretion 
in  fever  may  be  ascribed  to  a  pathological  increase  of  the  kreatinin 
forming  process,  which  is  perhaps  due  solely  to  the  higher  tem- 
perature or  to  the  action  of  bacterial  toxins,  and  which  is  coinci- 
dent with  the  increased  destruction  of  body  protein.    For^  non- febrile 
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individuals  my  results  indicate  that  the  amount  of  kreatinin  ex- 
creted bears  a  direct  relation  to  the  potential  efficiency  of  the  muscles, 
and  is  a  reliable  index  of  the  muscular  development  of  an  individual. 

A  number  of  the  variations  in  the  kreatinin  coefficients  of  normal  persons  (Table  I) 
may  be  explained  by  a  consideration  of  the  varying  muscular  efficiency  of 
the  subjects.  Of  those  of  the  individuals  known  to  me,  the  ones  with  the 
better  muscular  development  and  capable  of  the  greater  amount  of  mus- 
cular work  have  the  higher  kreatinin  coefficients,  and  vue  versa. 

The  idea  outlined  above  has  already  received  some  consideration 
at  the  hands  of  other  workers.  Benedict  and  Meyers  ^®  report  deter- 
minations of  kreatinin  in  the  urine  of  twenty-six  woinen,  all  of 
whom  were  patients  in  a  hospital  for  the  insane.  Most  of  these 
cases,  it  seems  to  me,*  fully  bear  out  the  factors  above  outlined  as 
influencing  the  amount  of  kreatinin  excreted  and  its  relation  to 
muscular  efficiency.  1  shall  cite  only  the  high  and  low  extremes  in 
these  cases. 

Case  I  was  a  female,  85  years  old,  senile  dementia,  and  weighed  39  kg.  "  Sub- 
ject inched,  old,  feeble,  withered,  and  very  inactive."  Kreatinin  co- 
efficient, 2.0.^^ 

Case  XVL  Female,  age  92  years,  weight  63  kg.  "  Subject  rather  decrepit, 
partly  paralyzed,  fat  and  flabby.  Spends  most  of  time  in  bed."  Kreati- 
nin coefficient,  2.0. 

This  case  was  doubtless  muscularly  stronger  than  Case  I,  since 
she  was  out  of  bed  a  part  of  the  time.  With  relatively  the  same 
amount  of  adipose,  she  should  have  had  a  higher  coefficient  than 
Case  I ;  but  she  was  also  "  fat  and  flabby,"  and  in  consequence  had 
relatively  less  muscular  tissue  than  Case  I. 

Case  XXm.  A  nurse,  25  years  old,  weighing  52  kg.,  just  convalescing  from 
typhoid  fever,  and  was  considerably  under  normal  body  weight"  Kreati- 
nin coefficient,  3.1. 

In  convalescence  from  typhoid  there  is  usually  a  marked  muscular 
weakness. 

Some  of  these  cases  had  coefficients  near  the  normal. 

*•  Benedict  and  Meyers:  This  journal,  1907,  xviii,  p.  377. 

^'  Benedict  and  Meveks  express  the  kreatinin  coefficients  in  mg.  kreatinin; 
for  comparison  with  my  results  I  have  converted  their  figures  into  mg.  kreatinin- 
nitropren. 
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Oaa«  ZIU.  Manic  depressive  insanity,  depressed  form,  "in  a  fair  physical 
condition  and  extremely  active,"     Kreatinin  coefficient,  5.6. 

Cam  XXn.  Dementia  praecox,  age  45  years.  '^Subject  rather  inert  as  a 
rule,"  in  bed  because  of  erysipelas.     Kreatinin  coefficient,  5.9. 

Benedict  and  Meyers  conclude  that  "  the  kreatinin  excretion  of 
women  is,  in  general,  much  lower  than  that  of  men."  This  is  doubt- 
less true,  and  is  to  be  explained  by  the  fact  that  most  women  are 
poorer  developed  muscularly  than  men ;  the  kreatinin-f orming  pro- 
cess is  less  active,  and  they  have  at  the  same  time  a  lower  muscular 
efficiency. 

I  have  had  the  opportunity  of  determining  the  kreatinin  coeffi- 
cients of  only  a  few  strong  and  hearty  women,  but  these  and  my 
results  from  pathological  subjects  indicate  that  if  the  factors  of 
muscular  development  or  efficiency  and  the  amount  of  adipose  are 
nearly  the  same,  there  is  no  difference  between  the  kreatinin  coeffi- 
cients of  men  and  women.    Sex,  per  se.  has,  I  believe,  no  influence. 

The  results  of  Amberg  and  Morrill  *^  are  in  agreement  with  my 
h}TX>thesis.  These  investigators  find  from  very  young  infants  krea- 
tinin ax^fficients  between  1.46  and  2.6  (mg.  kreatinin-nitrogen). 
These  figures  are  what  should  be  expected  from  the  smaller  bulk 
of  muscle  tissue,  and  the  low  muscular  tonus  of  infants  only  a. few 
days  old. 

In  ex^^eriments  up.^n  a  fasting  dog,  poisoned  with  phosphorus, 
Lusk  found  **  a  gradual  fall  in  the  amount  [of  kreatinin]  eliminated 
—  indo{Kndent  of  the  tone  and  strength  of  the  muscle/'  but  states 
in  Iv.s  sumniarA'  t!iat  "  tlie  creatinin  output  is  scarcely  affected,"  ** 

A  calculation  fr^xn  his  results,  shows  that  the  kreatinin  coefficient 
of  th.e  dv^g  on  the  third  day  of  the  fast  was  7.0,  which  fell  to  6.3  on 
the  sixth  day,  and  to  5.5  on  the  seventh  day.  A  d?g's  muscles  are 
cenain'v  !e<s  er^.cieni  on  the  seventh  dav  of  a  fast  th.an  on  the  third 
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in  potential  efficiency  to  a  corresponding  degree.  It  seems  to  me 
more  probable  that  the  muscular  weakness  of  this  dog  was  due  more 
to  a  depression  of  the  nervous  mechanism,  and  not  to  any  great 
extent  to  a  decreased  efficiency  of  the  muscles  themselves. 

Mention  must  also  be  made  of  the  recent  admirable  paper  by 
Mellanby  ^?  on  "  Creatin  and  Creatinin."  This  author  presents  a 
large  number  of  valuable  facts  concerning  the  kreatin  content  of 
muscles  from  many  different  animals,  and  concludes  that  "  in  the 
formation  of  creatinin  muscle  plays  a  small  part,"  and  that  "  the 
liver  is  intimately  connected  with  the  production  of  creatin  and 
the  excretion  of  creatinin."  He  introduces  distinctly  a  new  point 
of  view  in  believing  that  the  liver  forms  kreatinin  from  other  sub- 
stances, that  this  kreatinin  is  in  part  converted  into  kreatin  and 
stored  in  the  muscles  until  the  amount  of  kreatin  in  the  muscles 
reaches  the  "  saturation  point,"  after  which  the  excess  of  kreatinin, 
continually  being  formed  by  the  liver,  is  excreted  in  the  urine. 

According  to  Mellanby's  idea  one  would  expect  a  low  kreatinin 
excretion  from  subjects  of  diseases  interfering  with  the  normal 
function  of  the  liver;  and  he  presents  such  data.  But  subjects  of 
cirrhosis  and  other  pathological  conditions  of  the  liver  are  far  from 
being  the  only  instances  of  low  kreatin  excretion,  and  in  view  of 
the  large  number  of  subjects  having  low  kreatinin-coefficients,  and 
in  whom  there  is  no  reason  for  suspecting  any  disturbance  or  diminu- 
tion of  liver  function,  it  does  not  appear  to  me  probable  that  there 
can  be  such  a  relation  between  the  activity  of  the  liver  and  the  forma- 
tion and  excretion  of  kreatinin  as  he  suggests.  The  relationship 
between  body  weight  and  the  amount  of  kreatinin  excreted  may  also 
be  mentioned  as  an  argimient  against  the  correctness  of  his  idea. 

Kreatin. 

As  stated  earlier,  kreatin  is  not  present  in  normal  urines  unless 
kreatin  is  taken  in  the  food.  This  substance  is,  however,  excreted 
in  various  pathological  conditions  even  when  the  food  is  free  from 
kreatin.  It  is  logical  to  suppose,  as  do  Benedict  ^^  and  Mellanby,  that 
the  kreatin  excreted  has  its  source  directly  in  the  kreatin  of  the 
muscles;  and  this  I  believe  to  be  true  in  view  of  the  fact  that, 
according  to  my  observations,  kreatin  is  invariably  excreted  where 

*•  E.  Mellanby  :  Journal  of  physiology,  IQ08,  xxxvi,  p.  447. 
**  Benedict  :  This  journal,  1907,  xviii,  p.  406. 


Digitized  by 


Google 


14  Philip  Shaffer. 

there  is  a  rapid  loss  of  muscle  protein.  It  is  excreted  in  acute  fevers, 
in  the  acute  stages  of  exophthalmic  goitre,  and  in  tumor  cachexia,  in 
all  of  which  conditions  emaciation  is  taking  place,  with  probably  a 
breaking  down  of  muscle  tissue. 

The  largest  excretion  of  kreatin  which  I  have  so  far  encountered 
is  in  women  during  the  first  week  post  partum,  when  I  have  found 
as  much  as  1.50  gm.  (as  kreatin)  in  twenty- four  hours;  it  is  during 
this  stage  that  the  resolution  of  the  muscular  wall  of  the  uterus  is 
proceeding  most  rapidly.  It  may  also  be  excreted  even  when 
the  body  is  increasing  in  weight,  as  I  have  observed  in  a  case  of  ex- 
ophthalmic goitre  who  was  improving  rapidly.  But  it  is  conceivable 
that  this  may  be  explained  by  the  persistence  in  the  muscles  of  a 
pathological  katabolism,  otherwise  masked  by  the  regenerative  proc- 
esses going  on  at  the  same  time. 

The  following  are  given  as  instances  of  kreatinin  excretion  and 
of  kreatin  excretion  in  pathological  individuals.  The  figures  are  in 
nearly  all  cases  averages  of  a  considerable  number  of  days.  The 
diets  were  always  free  from  kreatin  and  kreatinin. 

Kreatinin-nitrogen  is  abbreviated  to  Ki-N,  kreatin-nitrogen  to  Kj-N,   an 

kreatinin-coefficient  to  Ki-Coef. 
Subject  Age  Weight     Ki-N    Ki-Cocf.  K^N 

I.    A.   N.    Exophthalmic  goitre.     Female.    35      59  kg.    0.22  gm.        3.7        0.03 
Large  frame,  but  had  lost  about  7  kg. 
some  months  earlier.    Able  to  move 
about  the  house,  but  with  effort.    A 
little    later   was    much    weaker  than 
during  the  experiment. 
II.    A.  M.  H.  Exophthalmic  goitre.   Female.    38     49"       0.163"        3.3        0.12 
Slow    onset,   marked  symptoms.    In 
bed,  not  emaciated. 

Improved,   able   to  be    out   of   doors 0.217  "        4.4        0.03 

After     greater     improvement.      Much 
stronger.  .  .     .  .  0.273  "        5.5        0.17 

III.  Perpall.    Exophthalmic  goitre.    Female.    .  .     35  0.11     "        3.2        0.11 

Extremely  ill,  emaciated  to  last  degree. 
Died  several  weeks  later. 

IV.  Redlin.   Exophthalmic  goitre.    Female.    18     41  "       0.13     "        3.2       0.12 

Extremely  ill.    Lost  much  weight  dur- 
ing last  year. 
V.    Mrs.  J.    Exophthalmic  goitre.     Female.    39     50  "       0.14     "        2.8        0.18 
Rapid  onset,  acute  case.    Very  weak 
and  losing  weight. 
VI.    Duffy.    Exophthalmic  goitre.     Female.    .  .      45  "       0.166  "        2.6        O.ll 
Severe  case.      Extremely  emaciated 
and  not  able  to  sit  up. 
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Subject                                                                        Age  Weight     K^-N    KrCocf.  K^N 
Three   months   later   after    very   great 
improvement    patient    was     much 
stronger,   walking  out  of  doors  and 
doing  housework 61  kg.     0.28  gm.       4.6        0.08 

Fifteen  other  cases  of  exophthalmic  goitre  gave  kreatinin  coeffi- 
cients from  3.0  to  6.0.  One  of  the  characteristics  of  this  disease  is 
the  muscular  weakness  which  F.  Miiller  by  direct  measurement  has 
shown  to  be  very  great  in  severe  cases. 

Subject  Age  Weight     Kj-N    Kj-Ceof.  Kj-N 

VII.    C.    B.    D.      Permanent  biliary    fistula. 

(This  journal,  xvii,  p.  362.)    Female.    61     55  kg.         .  . 
Rather    weak,    but  walking  about  the 

house 0.27  gm.      4.9 

Greater  lassitude  and  weakness 0.22    "        4.0  .  . 

Walked  two  miles  each  day.      Much 

stronger 0.33    "60 

VIII.    Ward.    Chronic  nephritis.    Male     .    .    52     80  "       0.36    "        4.5 
Had  been  quite  muscular  and  a  hard 
worker,  but  had  been  in  bed  nearly 
three  months. 
IX.     Malkus.    Chronic  nephritis.    Male   ....      65  "       0.25    "         3.8 
Alcoholic.    In  bed. 

Age  Weight     Ki-N    Ki-Coef.  K,-N      ^^^ 
X.    Kennedy.      Chronic  nephritis. 

Male 55kg.    0.21   gm.     3.8 

XI.    Boggs.      Flat    foot,     obesity. 

Male 67      147.5      0.79     **       5.35       .  . 

Very  inactive,   but    able   to 
walk  about. 
XII.     Lymphatic  leucaemia.*   Male    ...      63        0152     "         2.4       .  . 
Extremely  ill. 

XIII.  Mrs.A.G.    Diabetes.    Female.    55      77  "      036     "        4.65    0.25       05% 

Fair     condition,     nutrition  to  2.7% 

good,  but  muscles  flabby  and 
adipose  excessive.  Walking 
about.    Much  meat  in  diet. 

XIV.  MissE.  W.  W.    Diabetes.    .    50      91"      0.43     "         4.7      0.19      3.5% 

Nutrition  fair,  but  muscles  to  5% 

are  flabby  and  adipose  ex- 
cessive. Able  to  walk  about. 
Much  meat  in  diet. 
XV.  Miss  A.  S.  Chronic  nephritis.  24  99.6  0.73  "  73  0.18 
A  large,  athletic,  and  very 
muscular  woman,  but  with 
much  adipose.  In  bed  for 
therapeutic  reasons. 


Digitized  by 


Google 


i6 


Philip  Shaffer. 


Subject 
XVI. 


Age  Weight  Ki-N 
30  52  to  55  0.33  " 
0.345  " 
0.362  " 
0365  " 
0.355  " 
0.342  " 


Subject 
XVII. 


XVIII. 

XIX. 

XX. 

XXI. 

XXII. 
XXIII. 


Mrs.  A.  B.  Normal  pregnancy. 
Only  fair  muscular  develop- 
ment; slender  and  active. 
During  course  of  observa- 
tion patient  took  much  exer- 
cise (chiefly  walking)  out  of 
doors,  and  materially  in- 
creased in  strength.  Normal 
labor  Oct.  la 
Third  A^-^  post partum  .     .    .  0.36 

Mrs.  A.  H.    Normal  labor  Mar.  21 

On  third  day /^jZ/jr/uxTf  urine  contained 

**    fifth  «      "        "  «  «  

Mrs.  Smith.    Normal  labor. 

Urine  third  dzj post partum  contained 

Johnson.     Normal  labor. 

Urine  of  third  (?)  day /^j//rtr/w»i 

Dudd.    Normal  labor. 

Urine  second  (?)  day /i>j//rjr/i//« 

Rupin.    Typhoid  fever.    Male. 

12th  day  of  disease,  temp.  102.4°  to  104.8®  F.  .    .    .      0. 
43rd  "    *'        "  "     normal,  convalescent  .    .      0. 

The  patient  had  lost  but  little  in  weight  and  was  in 

comparatively  good  physical  condition. 
Paponis.    Typhoid  fever.     Male. 

14th  day  of  disease  temp.  102**  to  103.4°  F.      ...      0. 
57th  "    "        "  "     100°  to  103°  F.      Great 


Ki-Coef.  Ka-N 

635    0.045  July  31 

0.052  Aug.  28 

0.033  Sept.  11 

6.75  •'     30 

Oct.    5 

6.2  "     10 


0.225      "    21 

Ci-N    Ki-Coef.    Kj-N. 


0.16 
0.2S 

0.86 

0.26 

0.56 


54 
L41 


54 


10.0 
7.7 


9.0 


5.5 


0.67 

aoo 

0.115 
0.058 
0.112 
0.037 


emaciation 0.28 

Sparks.    Typhoid  fever.     Female. 

July  25  temp,  high 0.31  S.S{>) 

Aug.  I  temp,  normal 0.123  .  . 

Aug.  14  relapse 0.334 

Aug.  27  temp,  normal ;    .  0.19  .  . 

Conclusions. 

I.  The  amount  of  kreatinin  excreted  by  strictly  normal  indi- 
viduals is  between  7  and  11  mg.  kreatinin-nitrogen  per  kilo  body 
weight.  The  amount  excreted  by  any  one  individual  is  constant  not 
only  from  day  to  day  but  from  hour  to  hour;  and  the  amount  is 
independent  of  the  volume  of  urine  as  well  as  of  the  total  nitrogen. 

II.  The  kreatinin  excretion  of  pathological  subjects  is  usually 
low,  varying  from  the  normal  to  2  mg.  kreatinin-nitrogen  per 
kilo  body  weight  in  twenty-four  hours.  The  amount  of  kreatinin- 
nitrogen  per  kilo  —  the  kreatinin  coefficient  —  shows  a  direct  par- 
allelism with  the  muscular  development  or  strength,  or  "  muscular 
efficiency,'*  of  the  individual. 
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III.  Kreatinin  is  not  an  index  of  the  total  endogenous  protein 
katabolism.  Subjects  of  exophthalmic  goitre  and  others  in  whom  the 
total  endogenous  katabolism  is  probably  much  increased  may  ex- 
crete very  little  kreatinin. 

IV.  Kreatinin  is  derived  from,  and  its  amount,  expressed  in 
milligrams  per  kilo  body  weight,  is  an  index  of,  some  special  process 
of  normal  metabolism  taking  place  largely,  if  not  wholly,  in  the 
muscles.  And  upon  the  intensity  of  this  process  appears  to  depend 
the  muscular  efficiency  of  the  individual. 

V.  The  kreatinin  excretion  is  slightly  increased  in  acute  fevers, 
and  in  this  condition  does  not  run  parallel  to  the  muscular  efficiency, 
of  the  individual. 

VI.  Kreatin  is  not  a  normal  product  of  endogenous  metabolism, 
and  is  not  present  in  normal  urines,  unless  the  individual  has  taken 
kreatin  with  the  food. 

VII.  Kreatin  may  be  excreted  by  subjects  of  acute  fevers,  in  the 
acute  stages  of  exophthalmic  goitre,  in  other  conditions  in  which 
there  is  a  rapid  loss  of  muscle  protein,  and  by  women  during  the 
post  partum  resolution  of  the  uterus. 

VIII.  The  source  of  endogenous  kreatin  is  probably  the  kreatin 
of  the  muscle  tissues,  and  its  appearance  in  urine  probably  indicates 
that  muscle  protein  is  being  absorbed. 
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TABLE  I. 

Kreatinin    Excretion    and    Kreatinin    Coefficients  —  Normal.      (KREAtiNin 
Coefficient  =  MG.  Kreatinin-nitrogen  per  kg.  Body  Weight.) 


Investigator. 

Subject. 

Muscular 
develop- 
ment. 

Remarks. 

^ri 

It 

.9  b* 
7  fc 

FoHn 

J.  H.  B. 

.... 

, 

kff. 

57.4 

gm. 
0.584 

10.2 

(( 

E.  H.  S. 



66.5 

0.543 

8.2 

u 
it 

R.  L.  J. 
G.  E.  C. 

» 

Young   and   active  male 
nurses  in  Hospital  .   .   .  ' 

70.4 
70.0 

0.584 
0.658 

8.3 
9.4 

it 

M.  H. 



56.5 

0.506 

9.0 

n 

S.  R.  B. 

....     ^ 

. 

58.0 

0.587 

10.1 

It 

O.  F. 

Good 

Little  adipose 

65.2 

0.587 

9.0 

n 

tt 

tt 

Little  adipose 

64.1 

0.554 

8.6 

tt 

ft 

tt 

Little  adipose 

68.3 

0.584 

8.5 

tt 

H.  B.  H. 

Good 

Fat 

86^ 

0.584 

6.8 

tt 

{f 

i< 

Fat    ...   . 

86.0 

0.561 

6.5 

tt 

(( 

(( 

Fat    ...   . 

91.0 

0.673 

7.4 

tt 

E.  S.  A. 

Fair 

Lean     .   .   . 

55.9 

0.410 

7.3 

tt 

tt 

(( 

Lean     .   .   . 

55.9 

0.420 

7.5 

tt 

tt 

(( 

Lean     .   .   . 

54.2 

0.443 

8.2 

" 

A.  H. 

Good 

Moderately  fat 

70.1 

0.513 

7.3 

tt 

tt 
Dr.  H. 

tt 

Moderately  fat 
6   ft.    tall,    bony 
muscular  .   . 

bu 

not 

70.5 
69.5 

0.513 
0.502 

7.3 
7.2 

tt 

Mr.  B. 



5  ft.,  11  in.  tall 

75.0 

0.576 

7.7 

tt 

Mr.  Bu. 



5  ft.,  7  in.  tall 

64.5 

0.495 

7.7 

tt 

Dr.  K. 

Very  good 

5  ft.,  8  in.  tall 

69.5 

0.685 

9.9 

tt 

Mr.  W. 

Fair 

Lean     .... 

62.0 

0.547 

8.8 

tt 

Hoogenhuyze 

and 

Verploegh 

Mr.T. 

Student 
tt 

Fair 

5  ft.,  8  in.  tall 

- 

•- 

70.0 
71.0 

0.569 
0.830 

8.1 
11.7 
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TABLE  I    (Continued), 
KREATiNUf    Excretion    and    Kreatinin    Coeffictents  —  Normal.       (Kreatinin 

COEPPICIENT  =  MG.   KrEATININ-NITROGEN  PER  KG.   BODY  WEIGHT.) 


Investiga0r. 

Subject. 

Muscular 
develop- 
ment. 

Remarks. 

Kreatinin 
nitrogen. 

Hoogenhuyzc 

and 

Verploc^h 

Student 
tt 

tt 

.... 

.... 

kff. 

80.0 
57.0 

gm. 

0.804 
0.629 

10.0 
11.0 

u 

tt 



....                

79.0 

0.822 

10.4 

it 

tt 





63.0 

0.632 

10.0 

Closson 

G.  M.  B. 



Age  38,  frail  in  physique  . 

61.5 

0.431 

7.0 

(1 

L.  B.  M. 



Age  32,  not  corpulent    .   . 

70.0 

0.439 

6.3 

« 

E.  H.  R. 



Slender 

57.2 

0.410 

7.2 

n 

R.  H.  C. 



Age  47,  slender 

57.0 

0.331 

5.8 

tt 

{{ 



Age  47,  slender 

58.0 

0.312 

5.4 

Three  days 

excluded 

from  average. 

tt 
F.  P.  U. 

Good 

Age  47,  slender 

Age  26,  not  fat 

59.0 
65.0 

0.323 
0.394 

5.5 
6.1 

tt 

0.  E.  C. 



Age24» 

62.5 

0.495 

7.6 

Osterberg 
and  Wolf 
Klercker 

E.  0. 
K.  0.  K. 

Good 

Age  40,  not  corpulent    .   . 

187  cm.  tall,  well  nourished, 

not  fat 

70.0 
87.7 

0.465 
0.688 

6.65 
7.85 

Shaffer 

0.  T.     . 

Very  good 

Very  little  adipose  .... 

68.0 

0.603 

8.9 

<f 

tt 

<i 

Very  little  adipose  .... 

69.0 

0.591 

8.6 

t* 

R.  A.  H. 

Good 

Very  little  adipose      .    .    . 

58.0 

0.472 

8.15 

n 

R.  W 

Good 

Moderately  fat 

75.0 

0.550 

7.3 

ti 

P.  A.  S. 

Fair 

Slender 

65.0 

0.584 

9.0 

M 

ti 

tt 

Slender 

65.0 

0.577 

8.9 

« 

J.T. 

Fair 

Slender 

65.8 

0.528 

8.0 

11 

J.G. 

Good 

Not  fat 

67.0 

0.572 

8.55 

M 

M.  S. 

Good 

Not  fat 

67.5 

0.558 

8.3 

It 

Mrs.  S.  T. 

,.       1 

Good 

Good 

52.0 

0.40 

7.7 
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TABLE  IL 
Hourly  Excretion  of  Kreatinik. 


No. 

Urine 

Tot. 

N. 

Kreati- 

Subject. 

Time. 

of 

per 

nin 

Remarks. 

hours. 

hour. 

per 
hour 

per 
hour. 

c.c. 

cm. 

cm. 

M.S. 

8      -10       A.M. 

2.0 

39 

0.39 

0.066 

Net  weight  62.5  kg. 

tt 

10     -12     M. 

2.0 

30 

0.36 

0.062 

)} 

12-2       P.M. 

2.0 

27 

0.32 

0.057 

« 

2-4      P.M. 

2.0 

25 

0.35 

0.065 

ti 

7     -  9.15  A.M. 

2.25 

50 

0.64 

0.068 

u 

9.15-11.30  A.M. 

2.25 

79 

0.73 

0.066 

tt 

11.30-  1,30  P.M. 

2.0 

63 

0.62 

0.061 

tt 

1.30-  3.30  P.M. 

2.0 

67 

0.62 

0.062 

tt 

3.30-  5      P.M. 

1.5 

46 

0.56 

0.059 

tt 

5-7      P.M. 

2.0 

72 

0.56 

0.064 

tt 

7     -  9.30  A.M. 

2.5 

54 

0.45 

0.063 

tt 

9.30-11.30  A.M. 

2.0 

67 

0.51 

0.065 

tt 

11.30-  2      P.M. 

2.5 

45 

0.46 

0.061 

tt 

2-4      P.M. 

20 

54 

0.56 

0.063 

tt 

4     -  6      P.M. 

2.0 

58 

0.57 

0.062 

tt 

9.15-10.50  P.M. 

1.58 

45 

0.51 

0.065 

tt 

10.50-  3.40  A.M. 

4.83 

31 

0.46 

0.064 

tt 

3.40-  5.30  A.M. 

1.83 

33 

0.46  J 

0.062 

}  Sleeping  except  for  time 
J    to  urinate  at  3.40. 

tt 

5.30-  8      A.M. 

2.5 

40 

0.49 

0.062 

tt 

8     -1130  a.m. 

3.5 

31 

0.44 

0.065 

tt 

11.30-  2.30  P.M. 

3.0 

46 

0.60 

0.066 

tt 

2.30-  4.30  P.M. 

2.0 

49 

0.61 

0.061 

tt 

4.30-11.10  P.M. 

6.67 

39. 

0.55 

0.062 

tt 

11.10-  8.20  A.M. 

9.17 

24 

0.41 

0.059 

Sleeping. 

tt 

8.20-11.30  A.M. 

3.17 

26 

0.44 

0.065 

it 

11.30-12.45  P.M. 

1.25 

220 

0.74 

0.068 

tt 

12.45-  2.45  P.M. 

2.0 

60 

0.69 

0.061 

tt 

2.45-  4.15  P.M. 

1.5 

202 

0.95 

0.063 

Took  2  gm.  diuretin  about 

tt 

4.15-  5      P.M. 

0.75 

930 

1.11 

0.063 

4    P.M.,    and    continued 

tt 

5     -  5.30  P.M. 

0.5 

934 

1.19 

0.054 

drinking  much  water  dur- 

tt 

5.30-  6      P.M. 

1.0 

757 

0.77 

0.058 

ing  the  afternoon. 

tt 

6.30-12      N'T. 

5.5 

111 

0.76 

0.053 

tt 

12-9        A.M. 

9.0 

55 

0.50 

0.056 

Sleeping. 

tt 

9       -11.15  A.M. 

2.25 

60 

0.45 

0.062 

tt 

11.15-12.45  P.M. 

1.5 

32 

0.42 

0.066 

tt 

12.45-  4.30  P.M. 

3.75 

57 

0.52 

0.068 

tt 

4.30-  6      P.M. 

1.5 

124 

0.53 

0.064 

Average  kreatinin     .   . 

0.0625 

gm. 

(or  1.0  mg.  per 

kg.  per 

hour.) 
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TABLE  II  (Continued). 


Time. 


No.  of 
hours. 


Urine 
hour. 


Kreati- 
nin per 
hour, 
gm. 


M.  S.  (one  month  earlier  than  the  above)  .^ 


2.15-  3.15  P.M. 

3.15-  4.15  P.M. 
10.12-11.12  A.M. 
11.12-12.12  P.M. 
12.12-  1.12  P.M. 

1.12-  3.12  P.M. 

3.12-  4.12  P.M. 


1.0 

50 

1.0 

1.0 

38 

1.0 

29 

1.0 

30 

2.0 

42 

1.0 

53 

0.067 
0.067 
0.071 
0.067 
0.064 
0.070 
0.071 


Average  kreatinin 0.068  gm. 

(or  1.09  mg.  per  kg.  per  hour). 


P.  A.  S.« 


Whole  day 


7 

12 

3 


-12 
-2 
-  8 


8     -11 
11     -12 


-7 
-8 


8     -11 
11-5 


24.0 

49 

M. 

5.0 

34 

P.M. 

2.0 

96 

P.M. 

5.0 

33 

P.M. 

3.0 

60 

N'T 

1.0 

45 

A.M. 

7.0 

36 

A.M. 

1.0 

28 

A.M. 

3.0 

87 

P.M. 

6.0 

103 

0.065 

0.068* 

0.068 

0.068 

0.061 

0i)66 

0.060* 

0.063 

0.070* 

0.071 


P.  A.  S.  (one  month  later). 


7 

9 

12 

2 

4 


-9 

-12 
-2 
-4 
-  6. 


6.30-9 

9     -10 

10-7 

7     -10 

10     -12 

12-1 


1 
2 
3 
5 
9 
7 
11 


-2 
-3 
-5 
-9 
-  7 
-11 
-5 


A.M. 

2.0 

43 

M. 

3.0 

100 

P.M. 

2.0 

231 

P.M. 

2.0 

85 

30  p.m. 

Lost 

P.M. 

2.5 

77 

P.M. 

1.0 

40 

A.M. 

9.0 

26 

A.M. 

3.0 

73 

M. 

2.0 

57 

P.M. 

1.0 

230 

P.M. 

1.0 

432 

P.M. 

1.0 

66 

P.M. 

2.0 

46 

P.M. 

4.0 

41 

A.M. 

10.0 

40 

A.M. 

4.0 

55 

P.M. 

6.0 

62 

0.076 
0.077 
0.074* 
0.072 

0.066 

0.069 

0.061 » 

0.067 

0.062 

0.074* 

0.068 

0.070 

0.068 

0.073* 

0.070  !*> 

0.071 

0.072 


Average  kreatinin     ....   0.0686  gm. 
(or  1.13  mg.  per  kg.  per  hour). 


Time. 


No.  of 
hours. 


Urine 
hour. 


Kreati- 
nin per 
hour, 
gm. 


S.  P.  B. 


10 

-11 

A.M. 

1.0 

34 

11 

-12 

M. 

1.0 

31 

12 

-  1 

P.M. 

1.0 

28 

1 

-2 

P.M. 

1.0 

32 

0.074" 
0.067 
0.061 
0.069 


R.  A.  H. 


10-      11        A.M. 
11-3       P.M. 


1.0 
4.0 


34 
39 


0.075  w 
0.072 


Average  kreatinin  ....  0.0735  gm. 
(or  1.3  mg.  per  kg.  per  hour). 


O.T. 


11    -1 
1    -3 


P.M. 
P.M. 


2.0 
2.0 


64 
65 


0.074" 
0.081 


Average  kreatinin  ....   0.0778  gm. 
(or  1.19  mg.  per  kg.  per  hour). 


J.T. 


11 

-  1    P.M. 

2.0 

70 

0.049" 

1 

-  3    P.M. 

2.0 

38 

0.052 

Wh< 

3le  day 

24.0 

66 

0.0591* 

Average  kreatinin  ....   0.0533  gm. 
(or  0.89  mg.  per  kg.  per  hour). 


J.  T.  (eight  months  later,  when  in  better 
physical  condition). 


1.30-  4.30  P.M.       3.0         33       0.068 


LG. 


2 

-  3    P.M. 

1.0 

38 

0.0691* 

9 

-11    A.M. 

2.0 

37 

0.062 

11 

-  1.30  P.M. 

2.5 

34 

0.070 

Digitized  by 


Google 


22, 


Philip  Shaffer. 


TABLE  II   {Continued), 


11 
1 
5 

11 
7 

10 
1 
2 
4 
6 


Time. 


No.  of 
hours. 


Urine 
per 
hour. 


Kreati- 
nin  per 

hour. 

gm. 


I.  G.  (one  month  later). 


-  1 

-  5 
-11 

-  7 
-10 

-  1 

-  2 

-  4 

-  6 
-10 


P.M. 

2.0 

42 

P.M. 

4.0 

34 

P.M. 

6.0 

35 

A.M. 

8.0 

25 

A.M. 

3.0 

24 

P.M. 

3.0 

37 

P.M. 

1.0 

50 

P.M. 

2.0 

43 

P.M. 

2.0 

28 

P.M. 

4.0 

28 

0.069 

0.073 

0.070 

0.06317 

0.070 

0.067 

0.069 

0.062 

0.064 

0.065 


Time. 


10-6 
9     -10 


A.M. 
A.M. 


No.  of 
hours. 


8.0 
1.0 


Urine 
per 
hour. 


26 
31 


Kreati- 

nin  per 

hour. 

gm. 


0.063  w 
0.067 


Average  kreatinin   ....   0.0669  gm. 
(or  1.07  mg.  per  kg.  per  hour). 


10.15-11.15  A.M. 

1.0 

40 

11.15-12.15  P.M. 

1.0 

44 

12.15-  2.15  P.M. 

2.0 

44 

2.15-  5.15  P.M. 

3.0 

51 

5.15-12.06  A.M. 

6.85 

35 

12.06-  7.20  A.M. 

7.23 

29 

0.084 1» 

0.174 

0.138 

0.101 

0.084 

0.0725 


Total 


21.08   .   .   .     1.9400 


1.94  less  1.41  (21.08  X  0.0669)  =  0.53  gm.  =  76%  of  kreatinin  ingested  was 
excreted  in  21  hours. 


*  Weight  same  as  above.  «  Net  weight  60.5  kg.,  some  meat  eaten.  •  A  very  little 
meat  eaten  at  8  a.m.  ^  Sleeping.  '  Meat  eaten  at  8  a.m.  *  Drank  cocoa  at  noon. 
^  Sleeping.  •  Drank  three  cups  of  strong  cocoa  at  12.45.  •  Stewed  chicken  eaten 
at  dinner.  »°  Sleeping  from  10  to  7.  "  Net  weight  56.5  kg.  "  Net  weight 
65.3  kg.  "  Net  weight  60  kg.  **  Ate  some  meat.  "  Net  weight  62.5  kg. 
"  Sleeping.     "  Sleeping.      *•  Received  0.70  gm.  pure  kreatinin  in  250  c.c.  water  at 

10.40  A.M. 
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DIMINISHED    MUSCULAR    ACTIVITY    AND    PROTEIN 

METABOLISM. 

Br  PHILIP  A.  SHAFFER. 

[From  the  Department  of  Experimental  Pathology ^  Cornell  University  Medical 
College^  Loomis  Laboratory^  New  York.] 

THERE  are  to  be  found  in  the  literature  many  reports  of  inves- 
tigations concerning  the  effect  of  increased  or  excessive  mus- 
cular activity  upon  the  excretion  of  total  nitrogen,  and  of  individual 
products  of  protein  metabolism ;  ^  but  the  possible  effect  of  greatly 
diminished  muscular  activity  has  received  little  or  no  attention.  It 
has  been  shown  repeatedly  that  with  sufficient  food  a  moderate  in- 
crease of  exercise  does  not  lead  to  any  considerable  increase  in  total 
nitrogen  excretion;  but  it  does  not  necessarily  follow  that  an  ab- 
normally diminished  muscular  activity  may  not  affect  some  of 
the  products  of  metabolism  found  in  the  urine. 

Some  knowledge  of  the  effect  of  a  low  degree  of  activity  appeared 
desirable  as  a  further  basis  for  the  interpretation  of  metabolism 
results  from  pathological  individuals,  who,  as  a  rule,  are  either  con- 
fined in  bed  or  take  comparatively  little  exercise.  Experiments  on 
normal  subjects  were  accordingly  planned  with  a  view 'of  showing 
any  change  in  the  protein  metabolism  which  might  be  caused  by  a 
decreased  activity.  "  Work  periods "  were  also  included  in  each 
experiment,  but  the  work  was  in  no  instance  severe,  and  the  results 
show  the  effect  of  only  moderate  activity.  The  subjects  of  the 
experiments  were  young  men  in  good  health. 

The  experiment  with  O.  T.  was  divided  into  three  periods,  one 
which  was  spent  almost  continually  in  bed  and  at  as  far  as  possible 
complete  rest,  a  second  period  during  which  the  subject  did  his  ac- 
customed amount  of  work,  and  a  third  period  during  which  he  took 
additional  but  not  excessive  exercise.  The  period  of  accustomed 
work  may  be  considered  the  "normal  period,"  while  the  "  rest 

*  Subject  reviewed  by  Magnus-Levy  in  von  Noorden's  Handbuch  der  Pa- 
thologic des  Stoflfwechsels,  Berlin,  1906. 
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TABLE  I. 

Diets  Used  in  EIxperiments. 

I.  O.  r.    Rest  Period.  Nitrogen.  Calories. 

Grain  rice,  60  gm 0.86  210 

Quaker  puffed  rice,  25  gm 0.32)  -g^ 

Quaker  roUed  oats,  20  gm 0.45) 

Uneeda  biscuit,  60  gm 0.87  250 

Eggs  (whoJe),  100  gm 1.92  140 

Cream  (18-20  per  cent  fat),  225  c.c 0.90  450 

Butter,  SO  gm 0.08  400 

Milk,  100  c.c 0.51  72 

Sugar,  125  gm 513 

Salt,  5  gm .... 

One  apple  J;  150  gm. 75 

5.9  gm.  2300 

II.  O.  r.    Normal  Period. 

Same  as  ''Rest  Period  "  with  the  addition  c^  50  gm.  butter  and  75  gm.  sugar. 
Total  Nitrogen,  6.0  gm.  Total  Cak>rics>  3000. 

III.  O.  T.    Work  Period. 

Same  as  "Normal  Period"  except  325  c.c.  cream  instead  erf  225  c.c.  cream  +  100 c.c. 
milk;  20  gm.  cornstarch  added. 

Total  Nitrogen,  5.9  gm.  Total  Carries,  3200. 

IV.  O.  T.    Non-purin. 

Free  mixed  diet,  excluding  meat  and  meat  soups.    Subject  ate  many  eggs,  much  milk, 
bread,  cheese,  etc. 

V.  O.  T.    Purin. 

Subject  ate  a  mixed  diet,  containing  meat,  at  each  meal.    During  periods  IV  and  V  no 
attempt*  was  made  to  control  the  diets  beyond  the  points  stated. 

R.A.H.     First  two  days.  Nitrogen.  Calories. 

Quaker  pufiFed  rice,  56  gm 0.78  195 

Butter-thin  crackers,  95  gm 1.2  400 

Butter,  45  gm 0.07  360 

Cane  sugar,  90  gm 370 

Eggs  (whole),  150  gm 2.9  210 

Milk,  1100  c.c 5.8  790 

Graham  crackers,  45  gm 0.5  190 

105  2515 

R.  A.  H.     Rest  of  experiment. 

Same  as  above,  except  170  gm.  sugar;  85  gm.  puffed  rice;  75  gm.  butter. 
Total  Nitrogen  =  11.7  gm.  Total  Calories,  3190. 
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period  "  corresponds  in  amount  of  muscular  activity  to  the  condition 
of  patients  who  are  confined  in  bed  and  not  unusually  restless.  The 
difference  in  the  amount  of  muscular  energy  expended  was  obviously 
much  greater  between  the  rest  and  normal  periods  than  between  the 
normal  and  work  periods. 

In  this  experiment  the  rest  period  lasted  for  $ix  days,  two  of 
which  were  spent  wholly  in  bed,  while  on  the  remaining  four  the 
subject  reclined  quietly  for  a  few  hours  each  day  in  a  Morris  chair, 
the  remainder  of  each  day  being  spent  in  bed.  The  rest  was  so 
marked  and  prolonged  as  noticeably  to  weaken  the  subject,  and  in 
order  to  obviate  any  objection  on  this  ground  the  rest  period  with 
R.  A.  H.  was  made  only  two  days,  which  were  spent  wholly  in  bed. 
The  experiment  with  R.  A.  H.  was  conducted  somewhat  differently 
in  that,  although  the  amount  of  muscular  activity  on  the  several 
days  was  so  regulated  as  to  make  them  quite  different,  the  periods 
were  not  so  sharply  defined  as  in  the  other  experiment. 

The  diets  are  given  on  page  446.  That  taken  by  O.  T.  was  a  low- 
protein  diet,  while  that  taken  by  R.  A.  H.  contained  about  1 1  gm.  of 
nitrogen.  Additional  calories  were  supplied  O.  T.  during  the  work 
periods  as  noted  in  the  tables.  These  diets  were  constant  except 
for  the  changes  noted  in  the  tables.  After  the  close  of  the  work 
period  O.  T.  took  a  mixed  high-protein  non-purin  diet  for  four  days 
and  then  a  diet  containing  much  meat  for  six  days.  This  change  of 
diet  was  planned  to  obtain  further  data  regarding  the  influence  of 
meat  and  non-meat,  and  high-protein  versus  low-protein  diets  upon 
the  composition  of  the  urine.  The  urines  were  collected  in  twenty- 
four  hour  quantities. 

The  analytical  results  are  given  in  Tables  II  and  III.  The 
analytical  methods  used  are :  Kjeldahl-Gunning  for  total  nitrogen ; 
Folin  for  urea,  kreatinin,  kreatin,  and  the  sulphurs;^  Folin- 
Shaffer  for  uric  acid,  and  Boussingault-Shaffer  for  ammonia. 

The  conditions  of  these  two  experiments  appear  to  me  well 
adapted  for  the  demonstration  of  any  effect  upon  the  protein  metab- 
olism (as  indicated  by  the  metabolic  products  of  the  urine),  which 
might  be  caused  either  by  a  great  decrease  or  by  a  marked  though 
not  excessive  increase  in  the  amount  of  muscular  energy  expended 
by  the  subjects.  But  on  inspecting  the  results  in  the  two  tables  we 
find  absolutely  no  marked  differences  in  the  excretion  of  any  meta- 
bolic product  which  can  be  explained  by  the  variations  in  the  amount 

*  FoLiN  :  Journal  of  biological  chemistry,  1906,  i,  p.  131. 
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TABLE  II  (O.  T.). 


No. 

i 

Nitrogen  as 

Per  cent  of  total 
nitrogen. 

Sulphur  as 

Total. 

NH, 

a 
•2 

1 

1 

1 

1- 

G 

•2 

1 

1 

1 

s 

M 

1 

1 

11 

c.e. 

1625 

5.81 

0.29 

0.66 

•  •  • 

0.13 

0.30 

76.3 

5.0 

11.3 

5.2 

0.435 

0.274 

0.030 

0.131 

2 

12 

1170 

5.08 

0.34 

0.61 

... 

0.12 

0.39 

71.2 

6.8 

11.9 

7.7 

0.469 

0.297 

0.045 

0.127 

3 

13 

1330 

4.82 

0.35 

0.60 

... 

0.10 

0.31 

71.8 

7.2 

12.4 

6.4 

0.451 

0.297 

0.043 

0.111 

4 

14 

1015 

4.38 

0J8 

0.59 

... 

0.11 

0.36 

67.2 

8.6 

13.4 

8.2 

0.423 

0.275 

0.029 

0.119 

5 

15 

1160" 

4.29 

0.37 

0.58 

.  a  - 

0.11 

0.36 

66.9 

8.6 

13.6 

8.4 

0.428 

0.252 

0.030 

0.146 

6 

16 

830 

4.26 

0.36 

0.59 

... 

0.11 

0.38 

66.3 

8.4 

13.8 

8.9 

0.421 

0.272 

0.039 

0.110 

Ave 

rage.  . 

4.77 

0.36 

0,606 

... 

0.11 

0.36 

70.6 

7.3 

12.7 

7.2 

0.438 

0.278 

0.036 

0.124 

7 

17 

1070 

4.85 

0.42 

0.58 

... 

0.12 

0.41 

68.6 

8.7 

11.9 

8.5 

0.422 

0.267 

0.031 

0.124 

8 

18 

705 

4.50 

0.38 

0.60 

... 

0.09 

0.42 

66.9 

8.4 

13.4 

9.3 

0.427 

0.271 

0.047 

0.109 

9 

19 

720 

4.13 

0.37 

0.57 

... 

0.10 

0.42 

64.6 

8.9 

13.8 

10.2 

0.404 

0.259 

0.046 

0.099 

10 

20 

735 

4.12 

0.35 

0.65 

0.11 

0.42 

62.9 

8.4 

15.7 

10.2 

0.420 

0.274 

0.041 

0.105 

11 

21 

1170 

4.01 

0.36 

0.61 

... 

0.11 

0.43 

62.4 

8.9 

15.1 

10.7 

0.407 

0.254 

0.042 

0.111 

Ave 

rage.. 

4.40 

0.38 

0.60 

... 

0.106 

0.42 

64.1 

8.6 

13.6 

9.3 

0.424 

0.266 

0.049 

0.110 

12 

22 

1260 

3.78 

0.36 

0.65 

... 

0.11 

0.37 

60.6 

9.6 

17.1 

9.8 

0.407 

0.261 

0.045 

0.101 

13 

23 

1400 

3.96 

0.46 

0.60 

... 

0.12 

0.39 

60.5 

11.6 

15.2 

9.8 

0.397 

0.254 

0.042    0.101 

14 

24 

1180 

3.43 

0.44 

0.54 

... 

0.12 

0.39 

56.6 

12.9 

15.6 

11.4 

0.398 

0.252 

0.039 

0.107 

IS 

25 

1300 

4.58 

0.43 

0.52 

... 

0.13 

0.51 

65.4 

9.4 

11.2 

11.2 

0.456 

0.304 

0.059 

0.093 

Ave 

rage. . 

3.94 

0.42 

0.66 

... 

0.12 

0.42 

60.9 

10.6 

14.2 

U.3 

0.414 

0.268 

0.046 

0.100 

16 

26 

870 

6.62 

0.41 

0.61 

... 

0.14 

0.66 

72.6 

6.1 

9.2 

10.0 

0.634 

0.461 

0.059 

0.114 

17 

27 

1610 

11.82 

0.69 

0.56 

... 

0.10 

0.81 

81.7 

5.8 

4.7 

6.8 

0.889 

0.680 

0.070 

0.139 

18 

28 

1955 

13.25 

0.83 

0.62 

... 

0.11 

0.69 

83.1 

6.3 

4.7 

5.2 

1.022 

0.795 

0.071 

0.156 

19 

29 

1380 

12.40 

0.73 

0.58 

... 

0.10 

0.94 

81.1 

5.9 

4.7 

7.5 

0.962 

0.750 

0.070 

0.142 

Ave 

rage.  . 

11.02 

0.67 

0.69 

... 

0.11 

0.776 

80.6 

6.0 

6.3 

7.2 

0.877 

0.646 

0.068 

0.138 

Digitized  by 


Google 


Muscular  Activity  and  Protein  Metabolism. 


449 


TABLE  n  (O.  T.). 


Per  cent  of  totals. 

8 

Z 

1 

1 

H 
is 

1 

1 

1 

X 

CO 

1 

1 

Remarks  (for  diets  see  p. 

446). 

l-H 

W 

^ 

e2 

^^ 

63.0 

6.9 

30.1 

7.5 

1.76 

67.0 

> 

63.5 
65.9 

9.6 
9.8 

27.1 
24J 

9.2 
9.3 

1.63 
1.62 

About  4  hrs.  each  day  spent  reclining 
.    in  Morris  chair. 
Rest  of  time  in  bed. 

I. 

65.0 

6.9 

28.1 

9.7 

1.58 

Rest  Period. 

58.9 
64.5 

7.0 
9.4 

34.1 
26.1 

10.0 
9.9 

1.57 
1.58 

67.9 

VWhole  time  spent  in  bed. 

63.6 

8^ 

28.3 

9.2 

1.62 

24.0 

63.3 

7.4 

29J 

8.7 

1.56 

67.8 

63.5 
64.1 

11.0 
11.5 

25.5 
24.4 

9.5 
9.8 

1.62 
1.54 

Laboratory  work,  but  only  little  other 
activity. 

II. 
Normal 
Period. 

65.3 

9.7 

25.0 

10.2 

1.75 

62.4 

10.3 

27J 

10.1 

1.63 

68.8 

^ 

62.6 

U.6 

26.9 

9.6 

1.62 

23.7 

64.0 

11.0 

25.0 

10.8 

1.74 

68.8 

Laboratory  work  +  10-mile  walk. 

ni. 

Work 
Period. 

64.0 
63.3 

10.5 
9.7 

25.5 
27.0 

10.0 
11.6 

1.61 

1.45 

"Setting-up  exercises  "  +  31-mile  walk. 
Walked  9}  miles  +  5  hrs.  hard  work. 

66.6 

13.0 

20.4 

10.0 

1.39 

Laboratory  work  -f-  rapid  10-mile  walk. 

64.9 

10.9 

24.2 

10.6 

1.66 

22.6 

72.5 
76.5 
77.8 

9.5 
4.8 
7.0 

18.0 
18.7 
15.2 

9.6 
7.5 
7.7 

1.64 
1.51 
1.68 

69.1 

•Normal  activity. 

IV. 
Normal  Period 
-     (higher  protein, 
non-punn  diet). 

78.0 

7.8 

14.8 

7.7 

1.57 

78.8 

7.8 

16.7 

7.96 

1.60 

23.2 

• 
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TABLE  H  (Continued). 


1 

Nitrogen  as 

Per  cent  of  total 
nitrogen. 

Sulphur  as 

No. 

1 

Total. 

NH, 

1 

1 
\4 

c 

•a 

t 
)4 

3 
•c 

1 

1 

•» 

d 

•a 

\4 

i 

C4 

1 

u 

! 

HI 

i 

1 

20 

8«pt. 

30 

cc. 

1300 

14.00 

0.53 

0.'60 

0.05 

0.18 

0.84 

84.2 

3.8 

4.3 

6.0 

1.035 

0.840 

0.073 

0.122 

21 

1 

2085 

15.00 

0.65 

0.62 

... 

0.23 

0.94 

83.9 

4.4 

4.1 

6.1 

0.907 

0.660 

0.072 

0.176 

22 

2 

1780 

15.20 

0.65 

0.65 

... 

0.21 

0.70 

85.6 

4.3 

4.3 

4.6 

1.172  :  0.918 

0.068 

0.186 

23 

3 

1550 

14.90 

0.68 

0.59 

0.07 

0.20 

0.71 

84.9 

4.6 

3.9 

4.7 

1.071  1  0.844 

0.066 

0.161 

24 

4 

1860 

14.88 

0.54 

0.65 

0.07 

0.20 

0.85 

84.6 

3.7 

4.3 

5.7 

1.077  1  0.863 

0.073 

0.141 

25 

5 

1400 

15.40 

0.72 

0.62 

0.01 

0.18 

0.87 

84.3 

4.7 

4.0 

5.6 

1.067  i  0.815 

1 

0.103 

0.149 

14.90 

0.63 

0.62 

0.03   0.20 

0.82 

84.3 

4.2 

4.2 

6.8 

1.066  , 0.823 

0.076 

0.166 

of  muscular  activity.  There  are  slight  differences,  to  be  sure,  but 
they  are  in  no  case  great  enough  to  justify  the  conclusion  that  the 
amount  of  muscular  activity  is  responsible.  At  the  bottom  of  each 
table  will  be  found  the  averages  of  the  three  periods ;  an  inspection- 
of  these  averages  fully  bears  out  the  above  statement.  There  are, 
however,  some  points  of  considerable  interest  which  must  be  re- 
ferred to. 

A  much  discussed  question  in  connection  with  the  effect  of  mus- 
cular work  has  been  its  effect  on  kreatinin  excretion,  and  it  was 
largely  my  interest  in  this  question  which  suggested  these 
experiments. 

In  my  experiments  upon  a  patient  with  a  permanent  bilary  fistula  ' 
and  in  many  other  yet  unpublished  experiments  on  diseased  indi- 
viduals, I  have  found  a  greatly  decreased  kreatinin  excretion, 
which  was  increased  when  the  patients  improved  sufficiently  to  take 
more  exercise.  The  conclusion  was  therefore  tentatively  held  that 
the  diminished  kreatinin  excretion  was  a  result  of  diminished  mus- 
cular activity.  In  the  meanwhile  there  appeared  the  paper  of 
Hoogenhuyze  and  Verploegh  ^  in  which  they  conclude  that  with 

•  Shaffer  :  This  journal,  1906,  xvii,  p.  362. 

*  Hoogenhuyze  and  Verploegh:  Zeitschrift  fur  physiologische  Chemie,  1905, 
xlvi,  p.  415.    This  paper  contains  a  review  of  the  literature. 
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TABLE  II  (Continued). 


Per  cent  of  totals. 

8 

X 

CO 

1 

I 

•a 

1 

i 
1 

•a  It 

Remarks  (for  diets  see  p.  446). 

W 

1 

81.1 

7.1 

11.8 

7.4 

1.61 

mr. 

> 

73.0 

7.6 

19.4 

6.0 

1.67 

78.3 
78  6 

5.9 
6.4 
6.6 

15.8 
15.0 
13.1 

7.7 
7.2 
7.2 

1.74 
1.58 
1.74 

VNormal  activity . 

V. 

Normal  Period 

(high  protein, 

purin  diet). 

80.3 

76.5 

9.5 

14.0 

6.9 

1.67 

• 

78.0 

7.2 

14.8 

7.1 

1.67 

24.2 

J 

sufficient  food  muscular  activity  has  no  effect  upon  kreatinin  ex- 
cretion. However,  in  view  of  my  results  from  pathological  indi- 
viduals it  seemed  to  me  possible  that  their  negative  conclusions  could 
be  explained  by  there  being  in  their  experiments  perhaps  no  great 
difference  between  the  amount  of  energy  expended  on  the  control 
days  and  that  expended  on  the  work  days.*  Whether  or  not  this  is 
a  just  criticism,  it  was' decided  to  further  test  the  question. 

For  reasons  stated  I  fully  expected  to  find  a  decreased  kreatinin 
excretion  in  the  subjects  of  my  experiments  during  the  rest  periods. 
But  the  results  show  nothing  of  the  sort.  I  therefore  agree  with  the 
conclusion  of  Hoogenhuyze  and  Verploegh,  as  well  as  of  certain 
earlier  investigators,  that  muscular  activity  with  adequate  food  has 
per  se  no  effect  on  the  excretion  of  kreatinin,  which  in  these  experi- 
ments is  remarkably  constant  and  quite  independent  of  both  the 
amount  of  food  protein  •(Folin)  and  of  the  amount  of  muscular 
activity. 

•  The  observers  experimented  upon  themselves.  They  did  each  day  their 
accustomed  amount  of  laboratory  work  and  on  stated  days  took  bicycle  rides  and 
gymnastic  exercises.  On  account  of  the  common  inclination  to  remain  quiet  after 
marked  fatigue  it  seems  not  unlikely  that  after  their  vigorous  exercises  the  subjects 
may  have  rested  for  some  hours,  thus  tending  to  reduce  the  difference  in  muscular 
activity  between  the  control  days  and  the  work  days. 
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TABLE  III:  (R. 

A.H.; 

U 

Twenty-four 

hours  ending 

8  a.m. 

;> 

Nitrogen. 

Per  cent  of  total 
nitrogen. 

Sulphur  as 

1 

1 
i 

<• 

d 

•a 

1 

1 
1 

1 

i 

1 

1 

1 

0 

1 

1 

22 

860 

8.57 

0.214 

0.54 

0.135 

0.39 

85.0 

2.5 

4.5 

0.611 

0.459 

0.059 

0.093 

23 

600 

8.05 

0.267 

0.46 

0.143 

0.56 

82.2 

3.3 

6.9 

0.671 

0.520 

0.046 

0.105 

24 

740 

9.30 

0.285 

0.49 

0.128 

0.54 

84.5 

3.1 

5.7 

0.775 

0.611 

0.049 

0.115 

25 

690 

9.72 

0.276 

0.45 

0.127 

0.46 

86.6 

2.8 

4.7 

0.734 

0.576 

0.054 

0.104 

26 

795 

11.04 

0.42 

0.47 

0.103 

0.56 

85.9 

3.8 

5.1 

0.796 

0.623 

0.057 

0.116 

27 

710 

5.63 

0.38 

0.46 

0.127 

0.42 

85.5 

3.9 

4.4 



.... 

.... 

.... 

28 

690 

10.46 

0.40 

0.48 

0.147 

0.61 

84.4 

3.8 

5.9 

.... 



.... 

.... 

29 

710 

9.34 

0.41 

0.48 

0.123 

0.52 

83.6 

4.4 

5.5 

0.695 

0.529 

0.051 

0.115 

30 

1020 

9.27 

0.38 

0.46 

0.108 

0.55 

83.5 

4.1 

5.95 

0.664 

0.493 

0.061 

0.110 

Oct.  1 

670 

8.51 

0.44 

0.47 

0.124 

0.56 

81.7 

5.2 

6.6 

0.668 

0.507 

0.045 

0.116 

Av.  of  30  an< 

11.... 

8.89 

0.41 

0.465 

0.U6 

0.566 

82.7 

4.6 

6.26 

0.866 

0.600 

0.063 

0.113 

Av.  23,  27, 2 

8,29.. 

9.37 

0.386 

0.47 

0.136 

0.63 

84.0 

4.1 

6.6 

0.683 

0.624 

0.049 

0.110 

Av.  22,  24,  2 

5,26.. 

9.86 

0.30 

0.487 

0.123 

0.487 

86.6 

3.1 

6.0 

0.729 

0.667 

0.066 

0.107 
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TABLE  ra.  (R.  A.  H.). 


Per  cent  of  total  S. 

8 
f— 1 

X 

Z 
H 

^ 

1 

*"3 

eg' 

it 

Si 

Remarks. 

1 

H 

1 

15.3 
15.6 
14.9 
14.1 
14.6. 

16.5 
16.6 
17.3 

17.0 
16.1 
14.7 

75.0 
77.5 
78.8 
78.5 
78.2 

76.1 
74.3 
76.0 

76.0 
76.7 
77.7 

9.7 
6.9 
6.3 
7.4 
7.2 

7.3 
9.2 
6.7 

7.W 

7.2 

7.6 

7.1 
8.3 
8.3 
7.6 
7.2 

7.4 
7.2 
7.8 

7.6 
7.3 
7.6 

60.0 
57.8 

58.0 

• 

68.0 
±58.0 
±68.6 

fBDL 
1.45 

1.24 

1.32 

1.21' 

1.28 

1.24 

1.28 

1.30 

1.23 

1.26 

1.246 
1.266 
1.316 

24.2 
20.6 
22.0 
20.2 
22.2 
21.5 
22.2 
22.5 
21.2 
21.8 

21.6 
21.7 
22.16 

Laboratory  work.    Walked  9  miles.    1  hr.  work 

out-doors. 
Laboratory  work.   Walked  1  mile.   Little  activity. 

Walked  7  miles.    2  hrs.  work  out-doors.     Diet 

increased  (see  p.  446). 
Walked  2J  miles.     7  hrs.  work  out-doors. 

Laboratory  work.    Walked  5  miles. 

In  bed  11  brs.    Very  little  activity. 

Laboratory  work,  but  little  other  activity. 

Laboratory  work,  but  little  other  activity. 

Whole  24  hrs.  in  bed. 

Whole  24  hrs.  in  bed. 

Whole  time  spent  at  complete  rest  in  bed. 

Laboratory  work.     Somewhat  less  than  normal 

activity. 
Extra  work.    More  than  customary  exercise. 
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It  is  worthy  of  notice  how  slight  was  the  increase  of  kreatinin 
during  the  period  with  meat  diet  (Table  II).  The  average  for  six 
days  is  only  0.05  gm.  (1.67  gm.  kreatinin)  more  than  on  the  low- 
protein  non-meat  diet  (1.62  gm.).  According  to  Folin  •  and 
Klercker  ^  it  is  only  the  kreatinin  (t.  e.,  not  the  kreatin)  in  the  food 
(meat)  which  increases  the  kreatinin  of  the  urine,  and  therefore 
the  effect  of  the  character  of  the  food  upon  kreatinin  excretion  will 
depend  upon  the  amount  of  kreatinin  contained  in  the  food  eaten. 
Kreatin  was  not  present  in  the  urine  of  the  subjects  of  these  ex- 
periments, except  in  small  amounts  during  the  meat  diet  of  O.  T. 

In  Table  II  (O.  T.)  the  total  nitrogen  decreased  with  increased 
activity,  while  exactly  the  opposite  is  found  with  R.  A.  H.  It  is 
unlikely  that  the  amount  of  activity  is  in  either  case  responsible. 
R.  A.  H.  was  losing  weight  during  the  first  part  of  the  experiment, 
while  O.  T.  gained  in  weight  during  the  whole  time  of  the  low- 
protein  diet,  and  was  undoubtedly  storing  protein.  The  figures  re- 
garding urea  and  ammonia  again  confirm  Folin's  statements,  that 
the  percentage  of  total  nitrogen  represented  by  urea  decreases 
with  decrease  of  total  nitrogen,  and  that  the  absolute  amount  of 
ammonia  decreases  while  the  ammonia  percentage  increases,  with 
decrease  of  total  nitrogen.  This  is  shown  very  strikingly  in  Table  II. 
Neither  urea  nor  ammonia  was  affected  by  change  in  the  amount  of 
muscular  activity. 

The  excretion  of  uric  acid  is,  according  to  these  experiments, 
wholly  unaffected  by  a  decreased  muscular  activity.®  Regarding 
the  relation  of  uric  acid  to  food,  Folin  ^  has  found  it  to  be  slightly 
increased  with  increase  of  total  nitrogen.  In  Table  II  the  uric  acid 
nitrogen  (with  non-purin  diet)  is  not  higher  with  11  gm.  total 
nitrogen  than  it  was  with  4  gm.  total  nitrogen. 

•  Folin  :  Festschrift  fiir  Hammarsten,  1906,  iii,  Upsala. 
'  Klercker:  Biochemische  Zeitschrift,  1907,  iii,  p.. 45. 

■  Cathcart,  Kennaway,  and  Leathes  :  Quarterly  journal  of  medicine,  1908, 
i,  p.  416,  Oxford,  show  that  a  marked  increase  of  muscular  activity  causes,  during 
the  work,  a  decreased  excretion  of  uric  acid,  which  is  followed,  soon  after  the  work 
has  ceased,  by  an  increased  excretion.  Within  the  narrower  limits  of  the  amount 
of  work,  as  in  my  experiments,  the  excretion  of  uric  acid  is  not  affected. 

•  Folin  :  This  journal,  1905,  xiii,  p.  86.  Folin's  conclusion  is  somewhat  con- 
trary to  that  of  BuRiAN  and  Schur  (Archiv  fiir  die  gesammte  Physiologie, 
1900-1903,  Ixxx,  IJcxxvii,  and  xciv),  and  of  Siven  (Skandinavisches  Archiv  fur 
Physiologie,  1901,  xi),  who  found  the  endogenous  excretion  of  uric  acid  to  be 
constant. 
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There  is  no  evidence  that  the  undetermined  nitrogen  is  affected 
in  any  way  by  the  change  in  muscular  activity.  The  differences  are 
relatively  slight  and  almost,  if  not  quite,  within  the  limit  of  error. 

The  figures  in  Table  II  confirm  Folin's  "  law  "  concerning  unde- 
termined nitrogen. 

The  total  sulphur  runs  parallel  with  the  total  nitrogen,  the 
inorganic  sulphur  parallel  with  urea,  and  the  ethereal  sulphur  prac- 
tically parallel  with  ammonia.  No  one  of  the  above  is  affected  by 
muscular  activity.  In  the  case  of  neutral  suphur  there  is,  in  each 
experiment,  a  decrease  with  increase  of  muscular  activity;  but  I 
do  not  conclude  that  the  neutral  sulphur  always  decreases  with  an 
increase  of  activity.  Further  experiments  are  necessary  to  decide 
this  point.  The  neutral  sulphur  increases  materially  with  increase 
of  total  sulpHur,  but  not  in  proportion  (Folin,*^  Table  II). 

The  results  of  these  experiments  support  the  belief  that  with  suffi- 
cient food  either  an  increase  or  a  decrease  of  muscular  activity 
within  physiological  limits  has  per  se  no  effect  upon  the  protein 
metabolism  as  indicated  by  the  nitrogen  and  sulphur  partitions  in 
the  urine.  We  cannot,  of  course,  believe  that  a  long-continued  di- 
minished activity  would  not  cause  a  change  in  the  composition  of 
the  urine,  because  the  intensity  of  metabolic  processes  in  a  muscle 
atrophied  from  disuse  is  certainly  less  than  in»  a  healthy  muscle ;  but 
such  a  change  in  the  composition  of  the  urine  should  be  considered 
not  the  direct  result  of  decreased  activity,  but  the  result  of  a  patho- 
logical condition,  which,  it  may  be,  was  brought  about  by  a  di- 
minished activity.  Exercise  is  necessary  for  health,  but  the  amount 
of  muscular  energy  expended  in  a  given  day  (provided  the  amount 
is  not  excessive  for  the  particular  subject)  does  not  appear  to  affect 
any  of  the  nitrogenous  substances  of  tfie  urine  excreted  on  that 
or  following  days. 

I  am  indebted  to  two  of  my  colleagues,  Drs.  Oscar  Teagne  and 
R.  A.  Hatcher,  who  kindly  consented  to  be  the  subjects  of  these 
experiments. 

"  Shaffer  :  This  journal,  1906,  xvii,  p.  375. 
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PROTEIN  METABOLISM  IN  CYSTINURIA.* 

By  CHARLES  G.  L.  WOLF  and  PHILIP  A.  SHAFFER. 

With  the  Assistance  of  Emil  Ostbrbbrg  and  Michael  Somogyi. 

{From  the  Departments  of  Chemistry  and  of  Experimental  Pathology ^  ComeU 
University  Medical  CoUege,  New  York  City,) 

(Received  for  publication,  March  i8,  1908.} 

This  paper  deals  with  the  results  of  an  investigation  of  the 
metabolism  in  two  cases  of  cystinuria.  It  is  unnecessary  to 
give  an  outline  at  the  beginning,  either  of  the  history  or  the 
peculiar  features  of  the  anomaly,  for  an  analytical  critique  of  the 
literature  is  given  by  Moreigne,  Simon,  and  more  recently  by 
Neuberg  in  v.  Noorden's  Handbuch  der  Pathologie  des  Staff- 
wechsels. 

One  of  our  cases,  the  first  to  be  examined,  was  observed  over 
a  period  of  eight  and  one-half  months,  diuing  which  time  we 
have  conducted  five  separate  metabolism  experiments,  using 
different  constant  diets  and  have  made  complete  analyses  of  the 
urine  on  eighty-one  days.  Diuing  these  experiments  we  have 
administered  to  the  patient  various  substances  in  an  attempt  to 
clear  up  certain  specific  points.  As  these  points  can  be  more 
conveniently  referred  to  when  the  analytical  results  are  pre- 
sented, they  will  be  discussed  apart  from  the  general  considera- 
tion of  the  metabolism  in  this  affection. 

The  second  case  is  probably  imique  in  the  history  of  cystinuria, 
and  presented  an  unusual  opportunity  to  examine  the  relation 

*We  wish  to  thank  Drs.  C.  E.  Nammack,  Alexander  Lambert  and  C)rru8 
Strong,  the  attending  physicians  of  the  Fourth  Medical  Division  of 
Bellevue  Hospital  for  their  courtesy  in  permitting  us  the  examination  of 
the  first  patient.  Our  thanks  are  especially  due  to  Drs.  C.  K.  Stillman, 
R.  R.  Ryan,  G.  B.  Emory,  F.  W.  Rice  and  H.  C.  Thacher,  house  physicians 
in  this  division,  for  their  unfailing  willingness  to  give  us  every  possible 
assistance  during  the  experimental  work.  For  the  second  case,  we  are 
indebted  to  Prof.  L.  A.  Stimson  and  the  house  surgeons  of  the  New  York 
Hospital  for  great  assistance  during  a  very  difficult  investigation. 
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of  bile  sulphur  to  urine  cystin  in  cystinuria.  The  patient  was  a 
woman  suffering  from  an  impaction  of  the  ductus  communis 
choledochus,  and  had  been  operated  on  for  gallstones.  Calculi 
had  been  removed  from  the  gall-bladder.  Diuing  the  time  she 
was  imder  observation  there  was  a  fistulous  opening,  through 
which  all  the  bile  could  be  collected.  Unfortimately  the  patient 
proved  refractory;  it  was  quite  impossible  to  induce  her  to  take  a 
constant  diet,  and  we  were  also  unable  to  collect  accurately 
twenty-four  hour  specimens  of  urine.  It  is  certain  that  much  of  the 
urine  on  some  of  the  days  was  passed  with  the  stools.  The  case 
was  also  most  remarkable  in  that  during  the  course  of  the 
examination  the  cystiniuia  disappeared.  While  this  fact  has 
been  noted  by  other  observers,  it  has  never  occurred  that  the 
transition  took  place  during  the  course  of  the  examination.  It  is 
to  our  very  great  regret  that  the  records  of  this  very  singular 
case  are  so  incomplete. 

The  experiments  on  the  two  cases  will  be  discussed  separately. 

The  plan  of  our  experiments  was  essentially  the  same  as  that 
adopted  by  Alsberg  and  Folin.  The  patient  was  placed  on  a 
fairly  constant  diet,  and' complete  analyses  of  the  urine  made, 
embracing  the  following  fractions.  Total  nitrogen  (Kjeldahl); 
urea  (Folin) ;  ammonia  (Folin  and  Boussingault-Shaffer) ;  creat- 
inin  and  creatin  (Folin) ;  uric  acid  (Folin-Shaffer) ;  rest  nitrogen 
by  difference ;  total  sulfur,  inorganic  sulfates,  ethereal  sulfur  and 
neutral  sulfur  (Folin).  The  analytical  results  with  the  notes 
regarding  the  specific  diets  will  be  found  in  the  tables. 

Case  I.     The  extract  from  the  case  history  is  at  follows: 

J.  S.  male,  age  44.  Nativity,  Sweden.  Admitted  to  Bellevue  Hospital, 
October  19,  1906. 

Present  History :  Has  used  beer  and  whisky  freely  for  years.  Appetite 
always  poor.  Bowels  move  daily.  Has  had  gonorrhea  twice  in  the  last 
two  years. 

Previous  illness :  Eight  years  ago  patient  was  ill  for  four  or  five  months. 
Says  illness  was  identical  with  present.     Denies  any  other  illness. 

Present  illness:  Onset  two  weeks  ago.  Swelling  of  both  ankles, 
accompanied  by  signs  of  inflammation,  redness  and  local  heat.  Two 
days  later  both  ankles  became  painful.  Swelling  of  left  hand.  Both 
knees  have  become  somewhat  painful  and  stiff. 

Complaints:  Pain,  stiffness  and  swelling.  Temperature,  100.4°  F-; 
pulse,  120;  respirations,  24. 
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Physical  examination :  A4ult  male,  fairly  well  nourished.  Not  acutely 
ill.  Some  pain  when  ankles  and  hand  are  moved.  Slightly  anemic. 
Heart  normal.  No  fibrosis  of  arteries.  Ltmgs,  abdomen,  liver  and 
spleen  normal.  Lymph  nodes  not  enlarged.  Joints,  very  slight  swelling 
and  tenderness. 

Diagnosis:     Rheumatic  fever,  subacute. 

The  points  which  have  been  investigated  with  this  patient  are 
the  following: 

(i)  The  quantitative  variation  in  the  composition  of  the  iirine 
with  diets  containing  varying  amounts  of  protein. 

(2)  What  proportion  of  the  food  protein  sulfur  is  excreted 
as  cystin? 

(3)  The  degree  of  tolerance  of  the  cystiniuic  for  free  cystin 
and  cystein,  when  given  by  the  mouth. 

(4)  The  degree  of  tolerance  of  the  cystiniuic  for  cystein  and 
cystin  when  administered  subcutaneously. 

(5)  The  degree  of  tolerance  of  the  cystinuric  for  other  amino- 
adds. 

(6)  A  study  of  the  time  relations  of  carbon,  stilftir  and  nitrogen, 
and  some  of  the  fractions  of  nitrogen  and  sulfur  groups  after  the 
administration  of  protein. 

THE   QUANTITATIVE   COMPOSITION   OP   CYSTINURIA   URINES. 

With  the  exception  of  a  single  set  of  analyses,  by  one  of  us 
and  Marriott,  Alsberg  and  Folin  are  the  only  investigators  who 
have  made  a  fairly  complete  analysis  of  cystinuria  urines,  using 
satisfactory  methods.  This  these  authors  did  each  day  dtiring 
the  whole  of  their  experiments  on  the  effect  of  diet  upon  the 
excretion  of  cystin.  We  also  have  made  complete  analyses  each 
day,  and  have  therefore  a  .means  of  comparing  the  metabolism 
of  our  case,  in  so  far  as  it  is  represented  by  analyses  of  the  urine, 
with  that  of  Alsberg  and  Folin,  and  with  normal  individuals  on 
the  same  diets.  At  the  foot  of  Tables  VII  and  VIII  are  given 
averages,  representing  normal  urines  (for  the  particular  diet  and 
amount  of  total  nitrogen),  and  also  the  averages  of  Alsberg  and 
Folin  from  their  case  of  cystinuria.  A  comparison  of  these 
averages  with  the  averages  from  our  own  case  shows  the  amount 
and  character  of  the  deviation  from  the  normal,  and  from  the 
Alsberg-Folin  patient. 
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In  the  first  experiment  (Table  VI)  in  which  a  high  protein, 
milk-egg  diet  was  given,  the  averages  of  otir  control  days  com- 
pare remarkably  well  with  those  obtained  by  Alsberg  and  Folin. 
The  only  important  differences  are  oiir  higher  rest  nitrogen  and 
higher  neutral  sulfur,  in  spite  of  the  fact  that  our  patient  was 
1 2  kilogrammes  lighter  in  weight.  It  is  worthy  of  note  that  the 
average  percentage  of  neutral  sulftir  was  lo  per  cent  higher. 

Compared  with  the  normal  averages,  we  find  the  same  varia- 
tions as  those  noted  by  Alsberg  and  Folin.  The  ammonia  nitro- 
gen is  about  half  the  normal  and  the  rest  nitrogen  is  very  high. 
The  ratio  between  total  sulftir  and  total  nitrogen  is  quite  within  the 
normal  limits;  but  the  neutral  sulfur,  including  the  cystin  sulfur 
is  more  than  fotir  times  greater  than  normal,  making  the  relative 
percentage  37.0  per  cent  instead  of  the  normal  7.3  percent. 
The  ratio  between  total  nitrogen  and  neutral  sulfur  is  3.1  as 
compared  with  0.6,  the  normal  ratio  for  this  amoimt  of  total 
nitrogen. 

On  the  low  protein  diet,  the  abnormalities  become  much  less 
pronounced.  (See  control  averages.  Tables  VII  and  VIII.) 
When  the  patient  catabolized  only  little  food  protein  the  compo- 
sition of  the  urine  was  more  nearly,  but  not  qtiite  normal.  On 
such  a  diet,  the  ammonia  is  practically  normal.  The  rest  nitro- 
gen, while  still  high  is  decidedly  nearer  the  normal  figures,  in 
one  experiment  (Table  VII)  being  0.58  gram,  and  in  the  other 
(Table  VIII)  0.79  gram,  as  compared  with  Alsberg  and  Folin's 
0.69  and  0.86  gram,  and  the  normal  0.40  and  0.42  gram. 

The  absolute  amount  of  rest  nitrogen  in  this  case  as  in  the 
normal  depends  upon  the  amount  of  protein  catabolized.  As  an 
instance  of  this  fact,  the  reader  is  referred  to  the  results  of  the 
experiment  (Table  VIII)  in  which  50  grams  of  casein  were 
administered  while  the  patient  was  on  a  low  protein  diet.  The 
rest  nitrogen  was  increased  from  about  0.8  gram  to  1.14  gram, 
the  average  of  two  days  after  the  casein  ingestion.  The  ratios 
between  the  sulfur  and  nitrogen  are  normal  (compared  with 
Shaffer's  averages  from  a  normal  individual  on  the  same  rice- 
cream  diet) ;  but  the  ratio  of  neutral  sulfur  to  total  nitrogen  is 
again  high,  being  in  one  experiment  5.5  per  cent  as  against  the 
normal  1.6  to  2.5  per  cent. 

The  marked  anomalies  in  our  case  of  cystinuria  as  well  as  in 


Digitized  by 


Google 


Charles  G.  L.  Wolf  and  Philip  A.  ShaflFer    443 

that  of  Alsberg  and  Folin  are  therefore,  (a)  a  very  high  neutral 
sulfur,  (fc)  remarkably  low  ammonia  nitrogen,  and  (c)  high  rest 
nitrogen. 

The  increase  of  neutral  sulfur  is  certainly  in  part  and  possibly 
wholly  due  to  the  sulfur  of  the  cystin.  The  nitrogen  of  the 
cystin  is  included  in  the  **rest  nitrogen"  fraction,  but  even 
assuming  that  all  the  excess  of  neutral  sulfur  is  due  to  the  cystin, 
that  amount  of  cystin  is  not  sufficient  to  explain  the  high  rest  nitro- 
gen. For  instance,  on  the  high  protein  diet,  the  excess  of  neutral 
sulphur  is  (0.45  —  o.io)  =  0.35  gram,  which  is  equivalent  to  0.15 
gram  of  cystin-nitrogen.  The  excess  of  rest  nitrogeYi  is  more 
than  i.o  gram  (  ±  1.8  —  0.6).  There  must  therefore  be  one  or  more 
stable  nitrogenous  substances  outside  of  those  examined  for  and 
other  than  cystin  in  the  urine  in  this  condition.  In  the  examina- 
tion of  the  experimental  sulftir  anomaly  produced  by  poisoning 
with  brombenzol,  one  of  us  with  Marriott  has  come  to  a  similar 
conclusion.  We  have  so  far  not  been  able  to  make  a  systematic 
search  for  these  substances,  and  it  is  useless  to  conjecture  their 
identity.  Simon,  and  Alsberg  and  Folin  suggest  that  diamins 
are  present  in  a  larger  percentage  of  cases  than  is  at  present 
supposed.  We  have  on  two  occasions  attempted  to  find  diamins 
in  the  urine  of  this  patient  by  the  Baumann-Udransky  method, 
but  without  success.  Moreover,  diamins  could  not  possibly 
be  the  cause  of  the  high  undetermined  nitrogen,  as  these  sub- 
stances are  volatile  with  steam,  and  so  would  be  found  in  the 
urea  distillate.  Some  experiments  which  we  have  performed 
show  that  pentamethylenediamin  when  added  to  urine  does  not 
come  over  in  appreciable  quantity  either  by  the  Folin-air  method, 
or  by  the  Boussingault-ShaflEer  method  for  ammonia,  so  that 
diamins  would  not  be  included  in  the  ammonia  fraction.  What- 
ever the  substances  are  composing  the  rest  nitrogen  in  cases  of 
cystinuria,  it  is  evident  that  their  amoimt  depends  upon  the 
weight  of  food  protein  catabolized;  the  less  the  total  nitrogen, 
the  nearer  to  normal  values  does  the  rest  nitrogen  become.  The 
low  ammonia  excretion  is,  as  Alsberg  and  Folin  suggest,  probably 
due  to  the  smaller  amount  of  protein  sulfur  excreted  in  the  form 
of  sulfates. 
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THE    EFFECT    OF    THE   AMOUNT    OF   PROTEIN    INGESTED    ON    THE 
AMOUNT   OF  CYSTIN   EXCRETED. 

A  fundamental  problem  towards  the  solution  of  which  many 
of  otir  experiments  have  been  directed  is  the  sotirce  of  the  cystin 
which  is  excreted  in  the  urine.  The  questions  which  we  wished 
to  decide  wei"e: 

(i)  Is  the  urine  cystin  derived  directly  from  food  protein?  If 
so,  what  percentage  of  the  food  protein  is  excreted  as  cystin? 

(2)  Is  all  of  the  urine  cystin  derived  directly  from  food  protein? 
In  other  words,  is  the  urine  cystin  wholly  exogenous? 

To  answer  these  questions  demands  that  we  be  able  to  deter- 
mine the  amoimt  of  cystin  excreted.  So  far  as  we  are  aware, 
there  is  no  accurate  method  for  the  determination  of  cystin  in 
the  urine.  The  procedure  usually  adopted  is  to  weigh  the 
cystin  which  has  been  precipitated  from  the  tuine  by  means  of 
acetic  acid.  In  some  cases  the  urine  is  evaporated  in  a  vacuum 
before  precipitation.  That  precipitation  by  acids  is  not  satis- 
factory is  shown  by  Mester's  experiment,  in  which  he  obtained 
but  4.0  per  cent  of  the  cystin  added  to  urine.  We  also  have 
failed  to  obtain  even  approximately  complete  recovery  of  cystin 
by  acidification  with  acetic  acid,  and  other  workers  have  met 
with  the  same  difficulty.  Evaporation  in  a  vacuum  doubtless 
increases  the  yield  of  cystin  but  the  results  are  by  no  means 
quantitative.  Substances  which  are  present  in  the  urine  hold 
the  cystin  in  solution.  The  other  methods  which  have  been 
employed,  such  as  precipitation  with  benzoyl  chlorid,  a-naphthyl 
isocyanate,  and  ^-naphthalin  sulfochlorid,  are  all  unsatisfactory 
from  a  quantitative  point  of  view,  for  with  these  reagents  other 
substances  are  precipitated  and  an  accurate  separation  of  the 
cystin  is  impossible.^ 

In  otir  experiments,  the  amount  of  cystin  excreted  is  deduced 
from  the  amount  of  neutral  sulfur  in  the  tuine.  In  such  a  calcu- 
lation we  must  assume  that  the  whole  of  the  excess  of  neutral 

*  Since  this  work  was  finished,  Gaskell  has  suggested  that  the  precipi- 
tation by  means  of  acetic  acid  be  made  in  the  presence  of  acetone.  It  is 
quite  possible  that  this  method  may  be  more  satisfactory  than  any  hereto- 
fore employed.  We  have  not  had  an  opportunity  to  give  it  a  sufficient 
trial  to  be  able  to  speak  of  its  accuracy. 
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sulfur  over  the  amount  found  in  nonnal  individuals  is  due  to 
cystin.  Mester,  and  Alsberg  and  Folin  have  also  made  use  of 
this  assumption.  That  this  is  not  necessarily  correct  must  be 
admitted,  for  it  is  by  no  means  certain  that  the  neutral  sulftir 
output  in  a  cystinuric  urine,  exclusive  of  cystin  is  the  same  as 
that  in  a  normal  individual ;  or,  that  the  sulfur  containing  com- 
poimds,  over  and  above  the  normal  neutral  sulfur  are  exclusively 
cystin. 

As  however  the  accurate  determination  of  cystin  is  beset  with 
so  many  difficulties,  one  is  almost  forced  in  a  long  series  of  experi- 
ments to  deduce  the  amount  of  cy^in  from  the  excess  of  neutral 
sulfur.  We  believe,  with  Alsberg  and  Fplin,  that  the  calculation 
of  the  amount  of  cystin  from  the  neutral  sulfur  is  more  nearly 
satisfactory  than  the  results  of  any  other  method  now  avail- 
able. 

The  relation  of  diet  to  the  elimination  of  cystin  was  investi- 
gated very  early  by  Pletzer  and  Toel,  who  found  that  foods 
containing  a  low  amoimt  of  nitrogen  increased  the  cystin  out- 
put. This  was  confirmed  by  Ebstein  who  fed  his  patients 
beans.  Cantani  went  so  far  as  to  prescribe  a  meat  diet  in  the 
affection  as  a  means  of  decreasing  the  amoimt  of  cjrstin.  Bartels 
on  the  other  hand  was  unable  to  confirm  these  results.  Mester 
in  1890  reinvestigated  the  whole  matter  in  a  more  systematic 
manner,  and  fed  his  patient  on  various  diets.  Unfortunately 
for  the  present  ptirpose  the  amounts  of  nitrogen  excreted  in  the 
urine  are  not  given.  He  did  however  estimate  the  amount  of 
total  sulfur  and  total  sulfate-sulftir  excreted  in  the  twenty-four 
hours,  and  from  this  calculated  the  amoimt  of  neutral  sulfur. 

Accepting  the  total  sulfur  output  as  an  index  of  the  total 
amount  of  nitrogen  catabolized,  the  various  diets  given  by 
Mester  do  not  seem  to  have  varied  very  considerably  in  their 
nitrogen  content.  Thus,  for  example,  on  a  meat  diet  1.28  grams 
of  sulfur  were  eliminated,  while  on  what  is  termed  a  carbo- 
hydrate diet,  1.07  gram  of  sulfur  were  excreted.  From  this 
one  may  conclude  that  the  change  in  the  diet,  in  so  far  as  the 
nitrogen  content  was  concerned,  was  not  very  radical.  The 
highest  amount  of  neutral  sulfur  was  excreted  on  a  vegetable 
diet,  the  lowest  on  a  mixed  diet.  One  must  conclude  from  these 
observations  that  the  cystin  excretion  (neutral  sulfur)  is  greatest 
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on  a  vegetarian  diet.  Thus  Mester  apparently  confirmed  the 
statements  of  the  older  investigators. 

The  next  detailed  report  of  the  behavior  of  a  cy^tinuric  with 
different  diets  is  given  by  Alsberg  and  Folin.  These  investi- 
gators used  two  very  different  diets.  One  contained  about  19.0 
grams  of  nitrogen  as  protein,  and  the  other  consisting  chiefly  of 
starch  and  cream  contained  less  than  i.o  gram  of  nitrogen. 
The  averages  of  their  results,  which  have  already  been  mentioned, 
will  be  foimd  in  our  tables.  Their  restdts  show  that,  with  the 
great  decrease  in  food  protein,  there  was  a  marked  decrease  in 
neutral  sulfur  excretion.  On  the  diet  containing  very  little 
protein,  the  neutral  sulfur,  in  spite  of  being  greatly  diminished 
in  absolute  amoimt,  was  relatively  very  much  more  prominent 
than  when  more  protein  was  catabolized.  And,  assuming  that 
the  excess  neutral  sulfur  represents  gystin,  they  conclude  that 
the  amount  of  cystin  depends  primarily  upon  the  amount  of 
protein  catabolized.  In  view  of  the  fact  that  **  cystin  crystals 
were  found  in  the  urine  at  the  end  of  a  thirteen  day  period  with 
diet  containing  practically  no  protein,"  and  in  view  of  the  rela- 
tively high  neutral  sulfur  from  low  protein  diets,  they  further 
conclude  that  part  of  the  urine  cystin  is  derived  directly  from 
the  tissues. 

In  a  recent  paper  Thiele  has  taken  occasion  to  controvert 
these  views.  Thiele's  experiments  on  this  point  are  not  in  the 
least  satisfactory.  Not  only  has  he  used  the  precipitation  of 
cystin  with  acetic  acid,  with  Abderhalden's  modification  of  pre- 
liminary evaporation  in  vacuo  but  he  has  attempted  to  decide 
the  question  using  periods  of  only  one  day  for  each  of  the  two 
diets.  As  is  shown  in  Alsberg  and  Folin's  experiments,  the 
decrease  of  neutral  sulfur  (and  therefore,  presumably  cystin)  is 
not  very  well  marked  on  the  first  day  of  a  low  protein  diet.  It 
is  quite  certain  that  no  decisions  on  involved  questions  as  these 
can  be  reached  with  experiments  of  such  a  type. 

The  following  averages  taken  from  our  own  tables  show  the 
relation  between  the  cystin  excretion  (calculated  from  the  excess 
of  neutral  sulfur)  and  the  amount  of  total  nitrogen  and  total 
sulfur  catabolized. 


Digitized  by 


Google 


Charles  G.  L.  Wolf  and  Philip  A.  ShaflFer    447 


TABLE  I. 


I  High  protein  diet. . . 
II  Low  protein  diet 

III  Low  protein  diet. . . . 

7  mo.  later: 
IV  Fairly  high  protein 
diet 

IV  Low  protein  diet 

Alsberg  and  Folin 

Alsberg  and  Folin 

Alsberg  and  Folin 


14.63 

1.24 

0.45 

0.10 

0.35 

28.2 

3.53 

0.318 

0.195 

0.07 

0.125 

39.3 

4.15 

0.378 

0.199 

0.07 

0.129 

34.1 

11.35 

0.895 

0.307 

0.10 

0.207 

23.2 

4.81 

0.43 

0.26 

0.07 

0.19 

44.1 

14.84 

1.17 

0.328 

0.10 

0.228 

19.5 

4.62 

0.344 

0.192 

0.07 

0.122 

35.4 

5.19 

0.388 

0.226 

0.07 

0.156 

40.2 

2.4 
3.5 
3.1 


1.8 
3.9 
1.5 
2.6 
3.0 


See  also  Table  IV,  July  1,  when  12  eggs  were  added  to  the  diet. 

Accepting  the  method  of  determining  the  cystin,  the  figures 
show  conclusively  that  the  amount  of  cystin  excreted  by  this 
case,  and  by  Alsberg  and  Folin's  case  depends,  in  the  first 
instance,  on  the  amount  of  sulfur  catabolized.  A  further  argu- 
ment in  favor  of  the  truth  of  this  statement  is  the  fact  that  the 
urines  from  the  high  protein  diet  deposited  heavy  cjrstin  sedi- 
ments, while  the  urines  from  the  low  protein  diets  contained  a 
much  smaller  amount  of  a  similar  sediment.  According  to  our 
results,  about  25  per  cent  of  the  total  sulfur  was  excreted  as 
cystin  when  a  high  protein  diet  was  fed,  while  on  a  low  protein 
diet  the  cystin  represented  35  to  40  per  cent  of  the  total  sulfur. 

Since  the  amount  of  cystin  excreted  depends  upon  the  amount 
of  food  protein,  we  agree  with  Alsberg  and  Folin  that  the  cystin 
is,  in  part,  derived  directly  from  the  food,  and  is  therefore  of 
exogenous  origin.  Because  of  the  relative  increase  of  the  cystin 
sulfur  with  decrease  of  exogenous  metabolism,  we  must  also 
conclude  with  these  investigators  that  a  part  of  the  cystin  is 
derived  from  the  tissue  catabolism,  and  is  therefore  of  en- 
dogenous origin. 

Were  the  cystin  wholly  exogenous,   we  should  expect  the 
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per  cent  of  total  sulftir  excreted  as  cystin  to  be  decreased  rather 
than  increased  when  the  products  of  exogenous  metabolism  are 
greatly  lowered  by  decreasing  the  protein  intake. 

The  whole  problem  of  exogenous  and  endogenous  metabolism, 
as  far  as  the  results  which  can  be  drawn  from  experiments  in 
starvation  and  on  low  protein  diet  is  in  our  estimation  complicated 
by  the  recent  considerations  of  Freund  and  his  co-workers. 
These  investigators  have  directed  attention  to  the  condition 
which  probably  occurs  dtuing  abstention  from  food.  Using  the 
older  observations  on  the  secretion  of  the  succus  entericus,  they 
have  shown  that  a  much  larger  amoimt  of  protein  is  thrown  into 
the  alimentary  canal  by  this  means  than  is  usu^ly  presumed  to 
be  the  case.  This  protein  is  probably  catabolized  in  exactly 
the  same  way  as  is  food  protein.  It  therefore  must  be  very 
difficult,  when  one  speculates  on  a  product  such  as  endogenous 
cystin,  to  differentiate  that  cystin  which  is  actually  produced 
without  the  intervention  of  the  alimentary  canal  from  that 
produced  by  the  cleavage  of  protein  thrown  into  the  alimentary 
canal  by  means  of  the  succus  entericus.  It  is  for  this  reason, 
perhaps,  that  the  variations  in  starvation  and  in  low  protein 
diet  do  not  appear  as  sharply  as  one  might  be  led  to  expect.  A 
type  of  digestion  and  resorption  is  apparently  proceeding  during 
abstention  from  food,  which  is  in  every  way  similar  to  that  pro- 
duced by  the  assimilation  of  food.  In  fact,  it  would  seem  from 
Freund's  point  of  view  that  it  would  be  qtiite  impossible  to 
suppress  any  metabolic  process  completely  which  normally  has 
as  its  basis  the  catabolism  of  foo4  protein  in  the  intestinal  canal. 

THE  DEGREE  OF  TOLERANCE  OF  THE  CYSTINURIC  FOR  FREE  CYSTIN 
AND    CYSTEIN    WHEN    GIVEN    BY    THE    MOUTH. 

The  normal  htmian  organism,  as  has  been  repeatedly  shown, 
completely  oxidizes  to  sulfuric  acid  the  sulftir  of  cystin  when 
this  substance  is  given  by  the  mouth. 

In  an  investigation  of  the  metabolism  of  a  cystintuic  by  Loewy 
and  Neuberg  in  1904  it  was  shown  that  protein  cystin  given  by 
the  mouth  to  their  patient  was  almost  quantitatively  eliminated 
as  such,  and  no  oxidation  of  sulfur  to  sulfuric  acid  took  place. 
Alsberg  and  Folin,  on  the  other  hand,  were  unable  to  confirm  this 
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interesting  observation  on  the  patient  which  they  examined,  but 
found  that  cystin  when  given  by  the  mouth  to  a  cystinuric  was 
as  completely  oxidized  as  by  the  normal  subject.  Thiele  has 
recently  confirmed  this  result.  It  is  impossible  to  harmonize 
these  wholly  contradictory  results,  except  on  the  asstmiption 
that  the  metabolic  processes  in  the  two  cases  were  very  different, 
in  spite  of  the  fact  that  the  two  individuals  excreted  cystin. 

In  the  hppe  of  throwing  some  light  on  this  situation,  we  have 
determined  with  our  case  his  tolerance  for  both  cystin  and  cystein 
when  given  by  mouth.  In  all,  seven  experiments  on  this  point 
were  perfonned.  From  the  results  of  the  luine  analyses,  one 
can  readily  determine  whether  the  sulftir  of  the  ingested  cystin 
was  excreted  unoxidized  (Loewy  and  Neuberg)  or  was  oxidized 
in  the  body,  and  appeared  in  the  urine  as  inorganic  stdfates 
(Alsberg  and  Folin).  The  significant  results  of  these  experi- 
ments are  brought  together  in  Table  II. 

It  is  not  necessary  to  describe  the  experiments  at  length. 
(The  details  will  be  foimd  in  Table  II  and  in  the  complete 
tables  at  the  end  of  this  paper.)  The  results  lead  to  the  con- 
clusion that  cystin,  prepared  from  hair,  cystein,  prepared  from 
protein  cystin,  cystin  isolated  from  the  patient's  urine — ^that 
cystin  which  he  had  previously  failed  to  oxidize — ^when  fed  by 
the  mouth,  in  so  far  as  it  was  absorbed  by  the  intestine,  was 
oxidized  and  the  sulfur  was  excreted  in  the  form  of  sulfates. 
The  very  slight  increase  in  neutral  sulfur  after  the  feeding  of 
luine  cystin,  cystein,  and  the  large  amoimt  of  cystin  (10  grams) 
may  possibly  indicate  a  tendency  towards  intolerance,  but  it  is 
not  safe  to  draw  this  concltfeion  from  such  small  differences. 
The  increase  in  inorganic  sulfates  after  each  cystin  or  cystein 
feeding  is  very  marked.  In  this  respect  also,  otir  results  are 
in  agreement  with  those  of  Alsberg  and  Folin,  and  are  contra- 
dictory to  those  of  Loewy  and  Neuberg. 

This  is  certainly  a  very  interesting  situation.  As  has  been 
shown  in  a  preceding  section,  food  protein  leads  in 
these  individuals  to  the  execretion  ofun- 
oxidized  cystin;  but  when  food  protein  is 
hydrolyzed  outside  the  body,  and  the  iso- 
lated cystin  given  them,  this  cystin  does 
not  pass  through  tlie  body  as  such,  but  ap- 
pears   in    the   urine   in   the    form  of   sulfates. 
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The  marked  difference  in  the  behavior  of  cystin  as  such  and 
the  sulfur  containing  group  of  the  protein  molecule  is  worthy  of 
further  close  investigation.  A  similar  state  of  affairs  to  that 
seen  in  cystinuria  is  observed  in  animals  poisoned  by  brombenzol. 
While  the  ingestion  of  meat  leads  to  a  greatly  increased  output  in 
the  amount  of  neutral  sulftir  and  undetermined  nitrogen,  as 
/>-bromphenylmercapturic  acid,  the  ingestion  of  cystin,  or  of  the 
acid  itself  in  animals  under  the  influence  of  brombenzol  leads  to 
no  distinct  increase  in  neutral  stilfur. 

A  sufficient  number  of  experiments  with  the  behavior  of 
cystin  in  the  cystinuric  are  now  on  record  to  show,  that  with  the 
single  exception  of  Loewy  and  Neuberg's  case,  the  capacity  of 
the  cystinuric  individual  for  catabolizing  cystin  when  given  by 
the  mouth  is  nearly  complete.  One  can  therefore  be  fairly 
positive  that  in  the  digestion  and  absorption  of  protein,  hydroly- 
sis does  not  take  place  as  far  as  cystin,  but  what  hydrolysis  does 
occur,  is  to  a  degree  in  which  the  cystin  group  is  protected  from 
oxidation. 

Loewy  and  Neuberg  with  exactly  the  opposite  restdts  concern- 
ing the  fate  of  ingested  cystin  restdts  were  able  to  draw  a  similar 
conclusion,  and  have  ingeniously  suggested  a  method  which 
would  determine  to  what  extent  hydrolysis  had  occxirred  before 
absorption,  by  determining  the  point  at  which  after  giving  a 
definite  hydrolytic  product  of  protein  oxidation  took  place. 
Their  suggestion  appears  to  us  well  worthy  of  experimental  trial. 

THE  DEGREE  OF  TOLERANCE  OF  THE  CYSTINURIC  FOR  CYSTIN  AND 
CYSTEIN    WHEN    ADMINISTERED    SUBCUTANEOUSLY. 

Three  experiments  on  the  fate  of  cystein  and  cystin  when 
introduced  into  the  organism  outside  the  alimentary  canal  were 
performed.     The  results  are  given  in  the  following  table: 
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On  the  high  protein  diet,  about  i.o  gram  of  cystin  dis^lved 
in  sodium  carbonate  was  injected  into  the  loose  tissue  beneath 
the  breast.  The  total  sulfur  was  increased  0.29  gram;  the  inor- 
ganic sulfur  0.09  gram,  and  the  neutral  sulftir  was  increased  0.20 
gram. 

Three  weeks  later,  about  i.o  gram  of  cystein  was  dissolved 
in  0.85  per  cent  sodium  chlorid,  and  was  similarly  injected. 
The  increase  in  the  total  sulfur  was  very  slight,  but  the  greater 
part  of  this  increase  was  found  in  the  neutral  stdfur.* 

The  third  and  last  experiment  on  this  point  was  the  injection 
of  4.0  grams  of  cystein  dissolved  in  0.85  per  cent  sodiimi  chlorid. 
The  injection  took  place  beneath  the  scapula  of  the  left  side.' 
The  effects  of  this  injection  seem  to  be  shown  in  the  three  succeed- 
ing dajrs,  and  for  this  reason  the  results  of  the  three  days  are 
given  in  the  table.  The  total  sulfur  was  increased  0.57  gram, 
of  which  0.27  gram  falls  on  the  inorganic  sulfur,  and  0.31  gram 
falls  on  the  neutral  sulfur.  From  these  restdts  we  can  merely 
conclude  that  the  subcutaneous  injection  of  cystin  and  cystein 
lead  to  a  marked  increase  in  the  non-oxidized  sulfur,  and  to  a 
smaller  increase  in  the  inorganic  sulfur.  Our  results  do  not 
prove  that  the  increase  of  neutral  stdfur  is  due  to  cystin,  but  we 
believe  this  to  be  the  case  for  the  following  reasons.  Blum 
injected  cystin  subcutaneously  into  normal  dogs.  The  stdfur 
was  oxidized  to  sulfuric  acid.  Injected  rapidly  into  the  periph- 
eral circulation,  cystin  was,  in  part,  excreted  unchanged.  In- 
jected into  the  mesenteric  veins,  no  cystin  cotdd  be  recovered 
from  the  urine.  This  appeared  to  Blum  to  denote  that  the 
slowing  of  the  circulation  of  cystin  when  perfused  through  the 
liver  gave  time  for  the  substance  to  be  oxidized  to  sulfates,  while 
in  the  greater  circulation  the  oystin  reached  the  kidneys  rapidly. 


*The  amount  of  cystein  given  in  this  injection  is  uncertain.  The 
cystein  was  partly  oxidized  to  cystin,  and  the  crystals  formed  blocked 
the  syringe.     An  unknown  amount  of  the  solution  was  lost. 

'  There  was  almost  an  immediate  rise  in  temperature  of  the  patient, 
and  a  very  decided  amount  of  toxic  disturbance,  as  shown  by  dizziness, 
headache,  and  great  malaise.  The  patient  was  put  to  bed.  Ten  days 
later  an  abscess  developed.  It  would  appear  that  the  injection  of  such 
a  large  amount  of  cystein  may  be  associated  with  distinct  toxic  symptoms. 
We  were  unwilling  to  repeat  the  experiment. 
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and  was  there  excreted.  By  flooding  the  prganism  extra-intes- 
tinally  as  was  done  in  our  case,  it  is  more  than  probable  that  some 
of  the  cystin  reached  the  kidney  and  was  excreted. 


THE    DEGREE    OF    TOLERANCE    OF    THE    CYSTINURIC    FOR    SULFUR- 
FREE    AMINO-ACIDS. 

An  important  part  of  the  work  of  Loewy  and  Neuberg  was  a 
study  of  the  tolerance  of  their  patient  for  amino-acids  not  con- 
taining sulfur.  The  data  which  have  accumulated  seem  to  show 
that  in  many  cases  the  metabolic  anomaly  in  cystinuria  does 
not  consist  solely  in  the  excretion  of  cystin,  but  associated  with- 
the  thioamino  acid  in  the  urine  may  be  leucin,  tyrosin,  and 
possibly  tryptophan.  That  other  amino-acids  than  cystin  might 
also  be  present  would  appear  very  probable,  yet  the  detection 
of  these  acids  has  been  made  in  the  minority  of  cases  only.  In 
the  case  of  Loewy  and  Neuberg  no  other  amino-acids  tjian  cystin 
were  found  in  the  urine.  Following  however  the  oral  adminis- 
tration of  tyrosin,  leucin  and  aspartic  acid,  these  substances 
appeared  almost  quantitatively  in  the  urine.  In  addition,  the 
diamino-acids,  arginin  and  ly^in  were  not  completely  metab- 
olized as  they  are  in  the  normal  individual,  but  were  excreted 
as  the  diamins,  putrescin  and  cadaverin,  although  the  patient 
tmder  ordinary  conditions  did  not  eliminate  these  substances. 
On  the  other  hand,  Alsberg  and  Folin  did  not  find  any  lack  of 
tolerance  on  the  part  of  their  patient  for  aspartic  acid  and  tyrosin. 
The  nitrogen  of  these  substances  was  excreted  quantitatively  as 
urea.  Simon,  Garrod  and  Hurthley,  and  Thiele  were  likewise 
tmable  to  detect  any  intolerance  in  their  several  patients  for 
amino-acids. 

The  results  of  our  experiments  on  this  point  are  not  altogether 
clear.  We  gave  our  patient  tyrosin,  asparagin  and  glycocoll. 
The  amount  of  tyrosin  given  (i.o  gram)  was  too  small  to  show 
any  effect,  but  the  urine  of  that  day  did  not  show  any  Millon 
reaction.  On  a  low  protein  diet  we  gave  the  patient  lo.o  grams 
of  asparagin.  There  was  a  slight  increase  in  the  rest  nitrogen 
(0.25  gram)  and  a  considerable  increase  in  the  urea  nitrogen 
(0.7  gram).     Again,  on  a  low  protein  diet  we  gave  the  patient 
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20.0  grams  of  glycocoll.  The  total  nitrogen  of  the  succeeding 
days  was  increased  3.33  grams  (5.64  4-  5.33  4-  4-8o  =  18.78  — 
3  X  4.15  =  3.33)-  The  urea  nitrogen  was  increased  2.35  grams 
(3-65  +  3-S^  +  31S  =  iO'39  —  3  X  2.68)  and  the  rest  nitrogen 
0.73  (1.29  4-  0.92  4-  0.89  =  3.10  —  3  X  0.79).  In  each  of 
the  latter  two  experiments,  the "  greater  part  of  the  nitrogen 
(about  70  per  cent)  fed  as  amino-acids  was  excreted  as  urea. 
There  was  therefore  in  our  case  no  marked  intolerance  for 
amino-acids.  It  is  impossible  to  be  perfectly  sure  as  yet  as 
to  the  exact  fate  of  amino-acids  especially  in  man,  for  few  experi- 
ments have  been  made  where  the  amino-acids  have  been  followed 
by  a  technique  such  as  we  have  used  and  it  would  appear  that 
experiments  of  this  kind  are  urgently  needed  to  settle  the  toler- 
ance of  normal  individuals  for  the  different  products  of  the  hy- 
drolysis of  proteins.  It  appears  to  us  that  the  method  of  judging 
of  their  excretion  by  means  of  an  analysis  of  the  urine  as  we  have 
done  gives  a  more  accurate  method  of  determining  the  fate  of 
the  acids  than  the  use  of  reagents  for  the  amino-acids  which  give 
at  the  best  very  incomplete  precipitations.  Using  for  compari- 
son the  results  of  the  various  investigators  who  have  followed 
the  fate  of  the  amino-acids  in  the  himian  organism,  it  would 
appear  that  the  cystinuric  does  not  differ  essentially  from  the 
normal  subject  in  his  capacity  for  converting  these  substances 
into  urea. 

the  influence  of  sodium  cholate  on  the  metabolism  of 
the'cystinuric. 

Some  years  ago  v.  Bergmann  observed  that  in  dogs  with  a 
biliary  fistula,  the  feeding  of  cystin  caused  no  increase  in  the 
biliary  sulfur;  but  by  feeding  cholic  acid,  especially  after  the 
ingestion  of  cystin,  there  was  a  notable  increase  of  sulfur  in 
the  bile.  In  order  to  ascertain  whether  the  increase  in  the 
neutral  sulfur  of  the  urine  was  due  to  a  lack  of  cholic  acid  in  the 
organism,  so  that  the  taurin  sjmthesis,  which  undoubtedly 
arises  from  the  cystin  complex,  was  inhibited,  Simon  and  Camp- 
bell fed  cholic  add  to  a  cystinuric.  No  definite  change  was 
observed  in  the  type  of  the  sulfur  metabolism.  From  this  they 
concluded,  that  either  no  combination  of  cholic  acid  with  cystin 
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takes  place  as  Blum  had  suggested,  or  that  cystin  is  not  changed 
to  taurin. 

In  controlling  Simon  and  Campbell's  result,  we  gave  our 
patient,  during  the  time  in  which  he  was  on  a  low  protein  diet 
(December  i,  1906)  3  grams  of  sodium  cholate  in  four  divided 
doses  during  twelve  hours.  The  effect  of  this  procedtire  does 
not  agree  with  what  Alsberg  obtained  with  cats.  The  total 
nitrogen  elimination  fell  from  3.61  grams  to  3.03  grams.  No 
corresponding  effect  was  noted  on  the  excretion  of  total 
sulfur. 

It  will  be  noted  that  the  rest  nitrogen  and  neutral  sulfur  do 
not  entirely  agree.  While  the  relative  value  of  the  latter  fell 
decidedly,  there  was  a  slight  rise  in  the  relation  of  the  former  to 
the  total  nitrogen.  This  might  be  explained  by  the  occurrence 
of  oxidation  of  the  cjrstin  sulfur  leaving  the  amino  group  intact 
in  the  form  of  an  amino  lactic  acid.  As  will  be  shown  in  the 
second  case  which  we  are  about  to  report,  the  administration  of 
cjrstin  to  a  cjrstinuric  does  actually  increase  the  amoimt  of  stdfur 
in  the  bile.  In  order  to  reconcile  this  observation  with  that  of 
v.  Bergmann  who  found  no  increase  in  the  sulfur  of  the  bile 
in  normal  dogs  after  feeding  cystin,  it  will  be  necessary  to  perform 
experiments  on  the  feeding  of  cystin  to  dogs  with  biliary  fistulas 
who  are  tmder  the  influence  of  brombenzol.  If  v.  Bergmann's 
experiments  hold  good  for  all  normal  animals,  and  the  increase 
in  the  sulfur  constituents  of  the  bile  occurs  in  all  cystinurics,  one 
has  here  a  fundamental  difference  in  metabolism  which  has  here- 
tofore not  been  pointed  out. 

THE  EXCRETION  OF  CREATININ  AND  CREATIN  IN  THE  CYSTINURIC 

The  recent  experiments  of  Folin  and  of  Klercker  have  demon- 
strated, contrary  to  what  has  been  the  accepted  idea,  that  there 
is  no  direct  relationship  between  the  creatin  taken  in  with  the 
food  and  the  amount  of  creatinin  in  the  urine.  When  pure 
creatin  was  fed,  a  part  was  indeed  excreted  as  creatin,  but  the 
amount  of  creatinin  was  not  affected.  When  however  creatinin 
was  fed,  at  least  80  per  cent  of  this  substance  passed  through 
the  body  unchanged.  While  it  was  a  priori  unlikely  that  a 
cystinuric  would  behave  differently  from  the  normal  sul?ject 
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with  respect  to  these  substances,  the  opportunity  of  observing 
a  patient  on  a  diet  which  would  display  any  anomaly  was  not 
to  be  neglected.  Accordingly,  on  a  low  protein  diet  (Table  II), 
5.0  grams  of  creatin  (=  1.6  gram  of  nitrogen)  were  given  by  the 
mouth.  In  the  following  20  hours,  1.44  gram  (=  0.46  gram  of 
nitrogen  were  eliminated.  The  creatinin  excretion  was  not 
affected. 

Four  days  later,  5.0  grams  of  creatinin  were  given  by  the 
mouth.  In  the  following  twenty  hours,  3.2  grams  of  this  sub- 
stance, in  addition  to  the  usual  amount  of  creatinin  which  was 
to  be  found  in  his  urine  were  excreted  on  this  day.  This  equals 
an  excretion  of  tmchanged  creatinin  for  the  first  twenty  hours 
of  64  per  cent  With  the  normal  subject,  Fohn  fotmd  80  per 
cent  of  the  creatinin  administered  excreted  tmchanged  in  the 
urine.  Folin's  normal  subject,  receiving  about  i.o  gram  of 
nitrogen  in  his  food,  excreted  from  0.0  to  20  per  cent  of  the 
ingested  creatin  and  about  75  per  cent  of  the  ingested  creatinin. 
Our  cystinuric  patient,  on  a  diet  containing  about  5  grams  of 
nitrogen  excreted  64  per  cent  of  the  ingested  creatinin  and  29 
per  cent  of  the  ingested  creatin.  Suflftcient  data  are  not  at  hand 
to  determine  whether  or  not  the  excretion  of  exogenous  creatinin 
by  this  patient  is  normal. 

THE    TIME    RELATIONS    OP    CARBON,     NITROGEN    AND    SULFUR    IN 

CYSTINURIA. 

As  one  of  us  has  stated  in  a  previous  paper  in  this  Journal,  the 
amount  of  work  which  has  been  done  on  the  time  relations  of  the 
individual  components  of  the  urine,  outside  of  the  carbon  and 
nitrogen  is  exceedingly  small.  When  one  comes  to  examine 
the  literature  of  pathological  conditions,  practically  no  informa- 
tion is  available  as  to  the  effect  of  abnormal  conditions  on  the 
time  relationships  of  excretion.  This  is  especially  the  case  when 
one  comes  to  deal  with  relationships  involving  hourly  exami- 
nation. 

Our  object  in  performing  this  experiment  was  to  ascertain 
if  any  one  of  the  anomalies  which  are  fotmd  in  cystinuria,  viz: 
low  ammonia,  low  urea,  high  undetermined  nitrogen  or  high 
neutral  sulfur  made  their  appearance  at  any  specific  time  after 
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the  ingestion  of  protein.  In  the  case  of  the  last  two  fractions 
one  should  be  able  to  observe  whether  the  suspected  non-stdfur 
amino-acid  fraction  made  its  appearance  in  advance  of  the 
cjrstin.  It  is  very  unforttinate  that  no  experiments  on  normal 
individuals  are  available  with  which  to  compare  this  experiment. 
Outside  of  the  experiments  of  v.  Feder  with  dogs  on  hourly 
relations  of  sulfur,  nitrogen  and  phosphorus,  Tschlenoff  and 
Slosse  and  Hamalainen  and  Helme  who  fractionated  the  sulfur 
compounds  of  the  urine  we  have  no  standards  for  comparison. 
The  experiments  of  the  Swedish  investigators  were  tmfortunately 
done  with  periods  of  twenty-four  hours,  and  are  therefore  not 
comparable  with  ours. 

The  plan  of  the  experiment  was  as  follows:  While  the  patient 
was  on  a  non-nitrogenous,  starch-cream  diet  (for  some  time), 
50  grams  of  casein  (Hammarsten)  of  Kahlbaum  was  administered 
in  one  dose  at  9  a.  m.  Every  fotir  hours  following  the  adminis- 
tration, the  urine  was  collected  separately  and  analyzed.  Owing 
to  the  ntmiber  of  determinations  which  we  wished  to  make,  this 
seemed  to  be  the  most  frequent  collection  which  we  could  employ. 
The  methods  used  for  analysis  were  the  same  as  those  employed 
in  the  rest  of  the  work.  The  urines  were  analyzed  for  carbon  by 
evaporating  a  measured  voltmie  of  the  urine  at  a  low  temperature 
in  a  weighed  dish  and  burning  a  fair  sample  of  the  weighed 
residue.  Owing  to  the  small  quantity  of  urine  available,  the 
determination  of  uric  add  was  not  performed.  This  component 
is  included  in  the  undetermined  nitrogen. 

Results,  During  the  first  four  hours  all  the  component  parts 
of  the  urine  were  at  a  low  level.  During  the  second  period, 
eight  hours  after  the  administration  of  the  casein,  there  was  a 
sudden  rise  in  the  excretion  of  all  the  constitutents.  Two  of  the 
components  reached  their  maximum  at  this  time  (see  Fig.  i). 
The  remaining  fractions  reached  a  maximimi  at  the  third  period. 
It  will  be  seen  that  there  is  a  much  greater  delay  in  the  elimina- 
tion of  sulfur  and  nitrogen  than  was  found  by  Feder  in  his  experi- 
ments with  dogs  after  a  large  amount  of  protein.  On  the  other 
hand,  the  results  are  in  agreement  with  what  was  fotmd  by  one 
of  us  with  Marriott  with  dogs  under  the  influence  of  brombenzol. 
In  administering  a  large  quantity  of  meat  to  a  dog  under  the 
influence  of  this  poison,  the  maximum  elimination  of  the  nitrogen 
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did  not  take  place  till  the  end  of  the  second  four-hotir  period, 
although  other  fractions  of  the  urine,  notably  the  amino-acid 
nitrogen,  and  creatinin  nitrogen  reached  a  maximum  during  the 
first  four  hours. 

It  would  be  unwise  to  generalize  from  these  two  experiments, 
so  widely  different  in  character,  but  the  similarity  is  sufficiently 
striking  to  be  pointed  out.  The  urines  of  the  fourth  period,  that 
is  to  say,  sixteen  hours  after  the  ingestion  of  the  protein  contained 
least  of  all  the  fractions  examined.  From  that  time  on,  there 
was  a  secondary  rise.  To  what  this  secondary  rise  was  due  is 
difficult  to  say.  It  was  not  seen  in  the  brombenzol  experiment 
but  is  indicated  in  the  curves  of  Feder's  experiments  with  normal 
dogs.  It  is  possible  that  in  the  course  of  digestion  a  preliminary 
breaking  down  and  resorption  of  some  of  the  products  of  hydrol- 
ysis takes  place.  This  produces  the  first  and  highest  rise  in  the 
curves  of  elimination.  This  is  followed  by  a  second  apex  due 
perhaps  to  a  final  resorption  and  catabolism  of  the  more  diffi- 
cultly resorbable  products. 

What  is  well  marked  is  the  early  elimination  of  ammonia 
nitrogen.  From  this  it  would  appear  that  early  deamidation 
and  resorption  of  ammonia  takes  place.  This  is  accompanied 
by  the  setting  free  of  molecules  containing  a  high  percentage 
of  carbon.  It  is  to  the  elimination  of  these  substances  that  the 
early  carbon  maximum  is  due.  From  Feder's  experiments,  it 
would  appear  that  the  sulfur  is  the  component  which  is  most 
quickly  excreted.  This  is  certainly  not  seen  in  these  experiments. 
While  the  sulfur  elimination  rises  during  the  first  fotir  hours,  the 
maximiun  is  not  reached  until  eight  hours  have  passed. 

It  is  instructive  also  to  consider  the  relations  of  some  of  the 
constituents  to  one  another  from  the  point  of  view  of  hourly 
excretion.  In  this  way  one  may  obtain  information  regarding 
the  proportion  of  nitrogen  and  sulfur  which  are  excreted  as  the 
various  fractions.  As  with  the  absolute  excretion,  most  of  the 
nitrogen  excreted  as  ammonia  occurs  in  the  first  four  hours. 
Three  of  the  relation  curves  show  a  marked  similarity.  These 
are  the  relation  of  total  sulfur  to  total  nitrogen,  rest  nitrogen 
to  total  nitrogen  and  neutral  sulfur  to  total  sulfur.  The  first 
curve  is  more  exaggerated  than  the  other  two,  but  the  trend  is 
in  absolute  agreement.     It  is  possible  to  infer  from  this  that  the 
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TIME  RELATIONS  OF  BXCRBTION  IN  CYSTINURIA.      (See  Table  VIII.) 
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processes  giving  rise  to  rest  nitrogen  and  neutral  sulfur  are  either 
identical  or  run  an  absolutely  parallel  course.  Curiously  enough, 
the  course  which  the  neutral  sulfur  to  total  sulfur  takes  is  not 
qtiite  in  agreement  with  the  three  above  mentioned,  for  instead 
of  being  the  exact  antipode,  as  n:iight  be  expected,  the  trend  of 
the  curve  is  parallel  to  the  others  in  the  fourth  period. 

Case  II.  This  case  is  of  such  exceptional  rarity,  that  despite 
the  incompleteness  of  the  results  with  regard  to  the  collections 
of  the  urines  and  the  information  regarding  the  diet,  we  have 
decided  to  publish  the  analytical  findings  in  full.     (Table  X.) 

The  history  is  as  follows: 

S.  M.  admitted  to  hospital  September  11,  1906;  discharged  September 
16,    1906.     Readmitted  November  19,   discharged  December  26. 

Diagnosis:  Typhoid  fever  with  cholecystitis.  Family  history  nega- 
tive.    Present  history,  none.     Habits,  none. 

Present  condition:  General  malaise.  Physical  examination:  Large 
frame.  Adipose  tissue  excessive.  Pulse  regular  in  size  and  force.  Heart 
normal.  Lungs  normal.  Abdomen  soft,  adipose  tissue  felt  in  masses. 
Liver  percusses  from  fifth  space  to  costal  margin,  edge  not  felt.  A  slight 
tenderness  over  the  lower  half  of  the  abdomen.  Spleen,  percusses,  en- 
larged. Edge  felt  one  finger  breadth  below  the  costal  margin.  Skin: 
Few  rows  of  spots  over  abdomen  and  chest.  History  omitted  to  Septem- 
ber 28.  At  this  date,  jaundice  of  the  conjunctivae  was  much  less.  Abdo- 
men not  distended,  but  held  rather  tightly  on  right  side.  No  pain  or 
tenderness.  Enlargement  of  the  liver  still  persists.  Note  of  today  says 
cystin  (?)  crystals  in  the  urine.  She  insists  upon  going  home.  A  hard 
mass  is  felt  in  the  right  upper  quadrant.  It  consists  of  roimded  globules. 
The  urinary  examination  showed  cystin  crystals  September  22,  26,  28. 
Sp.  gr.  varies  loio  to  1030.  The  temperature  varied  from  time  of  admis- 
sion from  104.4°  to  98.6°  F.  Blood  examination.  Leucocytes  October  i, 
11,000;  October  4,  13,000;  October  7,  10,000.  Differential  count  gives, 
October  13,  13,200  leucocytes  «=  polynuclear,  63  per  cent,  lymphocytes 
37  per  cent,  hemoglobin  =  58  per  cent.     There  was  no  blood  in  the  stools. 

Readmission.  An  operation  for  cholecystotomy  was  performed  Novem- 
ber 20.  The  gall-bladder  was  evacuated  of  about  500  cc.  of  an  extremely 
thin  fluid  and  about  50  gallstones  of  various  sizes  scooped  out.  The 
largest  about  the  size  of  a  hazel  nut.  December  i,  all  drains  removed, 
a  rubber  tube  inserted  into  the  opening  and  packed  with  gauze.  This 
drainage  tube  was  connected  with  a  bottle.  •  On  December  5,  a  special 
diet  of  rice,  cream,  milk,  crackers,  butter,  salt  and  fruit  was  given. 

During  this  period,  the  pulse  varied  from  92  to  128.  Respirations,  20 
to  28,  temperature  100°  to  103°.     The  stools  were  clay  colored,  and  free 
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from  hydrobilirubin,  except  on  December  5,  6,  7,  8,  9,  17,  when  there  was 
a  trace.  On  November  27,  a  special  diet  of  eggs,  milk  and  crackers  was 
given. 

The  points  of  interest  in  connection  with  this  case  are: 

(i)  The  effect  of  the  diversion  of  bile  on  the  excretion  of  cystin 
in  a  cystinuric. 

One  of  us  some  time  ago  made  a  detailed  examination  of  the 
protein  metabolism  in  a  case  of  complete  biliary  fistula.  The 
urine  was  examined  during  periods  of  high  and  low  protein  diet 
which  were  free  from  purins.  As  a  result  of  this  study,  it  did 
not  appear  that  the  neutral  stilfur  was  derived  from  the  taurin 
of  the  bile,  except  in  those  cases  associated  with  icterus  where 
resorption  of  bile  from  the  biliary  passages  took  place.  The 
neutral  sulfur  of  the  urine  was  not  lower  than  is  normally  the 
case  on  the  same  quality  and  quantity  of  food.  This  first 
patient  is  of  interest  as  furnishing  us  with  standards  for  com- 
parison in  the  present  examination. 

In  comparing  the  results  of  the  analysis  of  the  urine  and  the 
bile  of  the  two  cases,  it  does  not  seem  that  outside  of  the  effect 
of  cystinuria  itself  on  the  luine,  any  marked  change  was  to  be 
found  as  a  result  of  the  diversion  of  the  bile  stream.  With  regard 
to  the  composition  of  the  bile,  some  differences  are  to  be  observed, 
but  they  are  not  altogether  pronounced.  For  a  somewhat  similar 
nitrogen  and  sulfur  output  the  following  table  of  comparison 
will  serve  to  indicate  the  differences.  The  results  have  been 
chosen  from  the  two  cases  as  far  as  possible  to  be  in  accord. 

At  the  beginning  of  our  experiment  with  a  biliary  fistula  in  a 
cystinuric  (23,11)  there  are  very  marked  differences  both  between 
the  nitrogen  and  sulfur  partitions  of  the  cystinuria  and  the 
normal  case.  In  the  former  the  gross  urea  relation  is  much  lower 
than  the  rest  nitrogen  higher;  the  alkaline  sulfate  sulfur  ratio 
is  remarkably  low,  and  the  neutral  sulfur  high.  On  comparing 
the  ratios  which  were  obtained  towards  the  end  of  the  experiment 
when  the  cystintuia  phenomena  had  practically  ceased,  the  ratios 
both  for  sulfur  and  for  nitrogen  are  in  fairly  close  agreement  with 
the  simple  case  of  biliary  fistula. 

The  excretion  of  nitrogen  and  sulfur  by  the  bile  is  higher  in  the 
case  of  cystintuia  than  in  the  normal  case,  but  the  relations  of 
the  two  components  are  nearly  the  same.     The  changes  are 
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therefore  of  a  quantitative  natiire  only,  and  do  not  apparently 
involve  any  qualitative  alteration. 

(2)  The  disappearance  of  the  cystinuria  during  the  course  of 
the  examination. 

In  order  to  follow  the  disappearance  of  the  cystinuria  during 
the  course  of  the  examination,  recourse  must  be  had  not  merely 
to  a  qualitative  test  for  the  cystin  as  such,  but  to  the  relation  of 
the  various  components  of  the  stdfur.  As  many  of  the  urines 
are  incomplete,  in  order  to  form  some  idea  of  the  amount  of 
nitrogen  which  was  being  eliminated,  it  is  necessary  to  take  as  a 
criterion  for  nearly  complete  urines,  the  day  on  which  the  highest 
amount  of  creatinin  was  eliminated.  This  was  on  October  23, 
on  which  day  0.26  gram  of  creatinin  nitrogen  were  excreted. 
Placing  all  urines  which  have  a  creatinin  nitrogen  content 
between  0.18  and  0.23  as  approximately  complete,  those  days 
which  can  be  relied  upon  to  a  certain  extent  are  December  8, 
9,  II,  12,  15,  18,  19,  20,  21,  23.  The  total  nitrogen  excretion 
varied  from  3.60  to  7.23  grams.  The  lower  amount  is  on  the 
border  line  for  urines  on  a  diet  sufficient  in  caloric  value,  but 
containing  small  amotmts  of  protein.  In  judging  the  urines  it 
seems  wise  to  use  as  a  standard  the  lowest  values  given  by  Folin 
on  this  diet. 

In  a  review  of  the  highest  values  for  neutral  sulfur  and  the 
lowest  values  for  alkaline  sulfur  given  by  Folin  it  is  found  that 
the  lowest  relation  of  alkaline  sulfur  to  total  sulfur  was  54.6 
per  cent  for  a  normal  subject,  a  patient  however  giving  a  value 
of  42.6  per  cent.  The  highest  relative  value  for  neutral  sulfur 
was  37.4  per  cent.  At  the  beginning  of  the  present  series  of 
analyses  we  have  akaline  sulfate  sulfur  forming  but  19  per  cent 
of  the  total  sulfur,  and  the  neutral  sulfur  77.8  per  cent.  Imme- 
diately after  this  the  ratio  of  neutral  sulfur  to  total  sulfur  began 
to  fall,  and  on  December  8,  two  weeks  after  the  first  examination 
the  ratios,  compared  with  Folin's  figures,  had  become  altogether 
normal.  In  comparing  the  stdfur  partition  with  that  of  the 
woman  with  a  biUary  fistula,  it  will  be  seen  that  at  no  time  did 
the  ratio  of  neutral  sulfur  to  total  sulfur  in  the  latter  case  exceed 
24  per  cent. 

The  restdts  obtained  from  an  examination  of  the  nitrogen 
partition  are  not  qtdte  so  clear.     While  on  the  first  day  of  the 
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examination  the  highest  relative  value  for  tindetennined  nitro- 
gen to  total  nitrogen — 24.3  per  cent — was  obtained,  the  value 
throughout  the  whole  experiment  was  high,  much  above  that 
found  in  normal  individuals.  There  was  however  a  distinct 
tendency  to  fall.  One  may  suspect  that  while  the  cystin  excre- 
tion decreased  during  the  experiment  a  greater  proportion  of 
non-deamidated  substances  were  still  being  eliminated  than  is 
normally  the  case.  It  has  been  shown  on  a  number  of  occasions 
that  the  excretion  of  cystin  is  associated  with  the  elimination  of 
sulfur  free  amino  acids.  It  may  be  that  while  the  cystin  output 
fell  a  disturbance  leading  to  the  excretion  of  these  substances 
still  continued. 

During  the  course  of  this  work  we  have  had  an  opportunity 
to  examine  single  twenty-four  hour  cases  of  cystinuria  urines  and 
in  Table  V  are  given  the  results  of  these  analyses.* 

SUMMARY. 

(i)  The  anomalies  in  the  metabolism  of  cystinuria. 
These  consist  in  low  ammonia,  high  undetermined  nitrogen 
and  high  neutral  sulfur.  The  high  ammonia,  as  Alsberg  and 
Folin  suggest  is  due  to  the  small  elimination  of  sulfur  in  the  form 
of  sulfates.  In  some  cases,  as  in  the  second,  and  in  the  case 
of  Marriott  and  Wolf,  high  ammonia  is  indeed  seen.  In  any 
event,  the  sum  of  ammonia  plus  urea  nitrogen  is  below  that 
found  in  normal  individuals  on  the  same  diet.  The  high  tindeter- 
mined  nitrogen  is  in  part  due  to  cystin,  and  is  in  part  due  to 
other  amino-acids ;  for  the  ratio  of  amino-acid  nitrogen  to  neutral 
sulfur  is  much  above  that  found  in  normal  subjects.  Cystinuria 
is  probably  never  a  simple  anomaly  in  which  the  cystin  complex 
is  the  only  part  of  the  protein  molecule  which  is  affected.  Owing 
to  the  difficulty  of  their  separation,  it  is  impossible  to  say  what 
are  the  other  fractions  which  are  concerned  in  the  increase  in  the 
undetermined  nitrogen.  The  high  neutral  sulfur  is  probably 
due  entirely  to  cystin.     No  evidence  has  beeii  obtained  that  the 

*  For  the  first  of  these  urines  we  are  indebted  to  the  kindness  of  Dr. 
Abrams  of  Providence,  R.  I.,  and  for  the  second  to  Mr.  Hoffmann,  of  Cor- 
nell Medical  College, 
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fluctuations  which  are  found  in  the  neutral  sulfur  following 
changes  in  diet  are  due  to  any  substances  other  than  cystin.  In 
other  cases  of  cystinuria,  viz:  those  in  which  amino-acids  have 
been  found  in  the  urine,  it  would  be  highly  important  to  deter- 
mine whether  the  administration  of  protein  increases  the  output 
of  undetermined  nitrogen  above  that  which  is  fotind  in  normal 
subjects,  and  whether  the  tolerance  for  the  free  acids  when  given 
by  the  mouth  is  the  same  as  in  the  normal.  Were  the  tolerance 
normal  for  an  individual  free  acid  and  the  increase  after  protein 
feeding  great,  one  would  have  an  indication  that  these  acids  were 
also  absorbed  from  the  intestine  in  the  form  of  higher  complexes. 

(2)  The  origin  of  the  cystin  of  the  urine. 

The  cystin  in  high  protein  feeding  is  largely  of  exogenous  ori- 
gin; but  a  part  is  probably  not  derived  directly  from  food-protein. 
To  what  extent  strictly  endogenous  processes  play  a  part  in  its 
formation  is  impossible  to  say.  With  the  excretion  of  the  intes- 
tinal juice,  catabolism  of  protein  proceeds  in  the  same  way  as  after 
the  ingestion  of  protein.  The  form  in  which  the  cystin  sulfur  is 
absorbed  during  the  digestion  of  protein  demands  much  further 
investigation,  especially  with  improved  methods  for  actually 
determining  the  cystin  output  in  the  urine,  with  methods  which 
will  leave  no  doubt  that  the  increase  in  the  neutral  sulfur  is 
actually  cystin. 

That  the  cystin  sulfur  of  the  protein  molecule  is  not  absorbed 
as  cystin  seems  to  be  shown  beyond  reasonable  doubt.  This 
has  been  shown  in  our  experiments  in  two  ways.  First:  the 
ingestion  of  protein  in  the  cjrstinuric  leads  to  a  greatly  increased 
output  of  neutral  sulfur  and  presumably  of  cystin  in  the  urine. 
Cystin  and  cystein,  administered  by  the  mouth  are  completely 
catabolized  to  sulfates.  Second :  Cystin  and  cystein  administered 
subcutaneously  are  in  part  oxidized,  and  in  part  execreted  as 
neutral  sulfur.  One  must  therefore  assume  that  the  cystin 
group  is  not  absorbed  as  such,  but  passes  through  the  intestinal 
wall  in  combination  with  other -amino  acid  groups  as  polypeptids 
or  thioalbiunoses.  The  hydroljrsis  of  these  compotmds  takes  place 
perhaps  in  the  liver. 

(3)  The  degree  of  tolerance  of  the  cystinuric  for  cystin. 

The  results  which  we  have  obtained  are  in  substantial  agree- 
ment with  those  of  Alsberg  and  Folin,  in  showing  tmdiminished 
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tolerance  for  cystin  on  the  part  of  the  cystinuric  when  this  sub- 
stance was  given  by  the  mouth.  They  are  contradictory  to  the 
findings  of  Loewy  and  Neuberg.  In  each  of  the  three  sets  of 
observations  the  results  have  been  so  decisive  that  it  is  necessary 
to  formulate  some  hypothesis  to  reconcile  them. 

Alsberg  and  Folin  believe  that  but  one  type  of  cystinuria 
exists.  Neuberg  classifies  the  affection  into  three  divisions. 
While  it  seems  probable  that  the  latter  arbitrary  division  will 
not  be  found  adequate  to  completely  cover  the  condition,  cys- 
tinuria does  in  reality  exist  with  different  degrees  of  severity. 
It  has  been  shown  by  us  that  cystinxiria  (Case  II)  may  practically 
cease  within  a  short  time,  and  this  has  also  been  observed  by  others 
under  less  favorable  conditions.  Had  it  been  possible  to  follow 
the  tolerance  of  this  patient  for  proteins,  one  would  probably  have 
fotmd  a  point  at  which  a  definite  amount  of  protein  was  without 
influence  on  the  elimination  of  cystin.  If  this  be  so,  it  is  reason- 
able to  infer  that  in  the  severer  grades  of  cystinuria,  one  may 
have  those  in  which  diminished  tolerance  for  cystin  or  other 
amino-acids  may  be  present.  The  fact  also  that  diamins  are 
fotmd  in  certain  cases  and  are  assuredly  not  present  in  others 
leads  one  to  believe  that  in  this  one  also  has  perhaps  a  funda- 
mental point  of  difference  in  the  types  of  cases.  It  may  again 
be  emphasized  that  as  yet  no  one  has  suggested  what  the  point 
of  connection  of  these  substances  in  the  urine  has  with  the  main 
anomalies  of  cystinuria. 

(4)  The  effect  of  subcutaneous  injections  of  cystin  and  cystein 
on  the  cystinuric. 

Unfortunately  we  have  no  experiments  on  normal  individuals 
with  which  to  compare  our  results.  The  investigations  of  Bltmi 
on  dogs  and  rabbits  enable  us  to  form  some  notion  of  the  fate 
of  cystin  when  introduced  by  paths  other  than  the  intestinal 
tract.  He  has  shown  that  the  rapidity  of  injection  and  whether 
the  substance  be  introduced  into  the  peripheral  circulation  or 
into  a  mesenteric  vein  determines  to  a  large  extent  the  course 
which  its  elimination  takes.  Blum  attributes  the  occurrence  of 
complete  oxidation  after  mesenterial  injection  of  cystin  to  the 
slowing  of  the  blood  current  in  the  terminal  vessels  of  the  liver. 
From  our  restdts  it  is  impossible  to  say  whether  an  excessive 
excretion  of  cystin,  over  that  which  would  be  found  in  the  normal 
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individual,  as  a  result  of  the  injection  of  cystin,  took  place.  What 
is  shown  however  is  the  capacity  of  this  patient  to  oxidize  a 
part  of  this  cystin  when  introduced  subcutaneously.  It  is 
probable  in  the  flooding  of  the  organism  with  such  large  quanti- 
ties of  cystin  and  cy stein,  part  of  the  substances  reached  the 
•liver  and  were  there  oxidized.  Whether  part  of  the  oxidation 
took  place  in  the  muscles  and  other  organs  is  impossible  to  decide. 
No  experiments  on  the  feeding  of  cystin  to  animals  with  an  Eck 
fistula  have  so  far  been  described.  We  hope  to  give  the  details 
of  some  experiments  on  this  point  in  a  later  communication. 

(5)  The  fate  of  sulfur-free  amino-acids. 

The  residts  which  we  have  obtained  agree  with  those  of  Als- 
berg  and  Folin.  GlycocoU,  asparagin  and  tyrosin  when  adiiiinis- 
tered  by  the  mouth  did  not  perceptibly  increase  the  output 
of  undetermined  nitrogen.  The  nitrogen  of  these  substances 
was  almost  quantitatively  catabolized  to  urea. 

(6)  The  fate  of  creatinin  and  creatin  in  the  cystinuric. 

The  excretion  of  creatinin  and  creatin  after  administration 
by  the  mouth  did  not  differ  in  any  essential  particular  from 
what  has  been  observed  in  normal  individuals. 

(7)  The  effect  of  sodium  chelate  on  the  elimination  of  cystin. 
V.  Bergmann  showed  in  animals  with  a  biliary  fistula  that  the 

elimination  of  sulfur  in  the  bile  was  independent  of  the  ingestion 
of  cystin,  while  sodium  cholate  increased  the  amotmt  of  sulfur 
in  this  fluid.  The  subsequent  administration  of  cystin  increased 
the  output  of  sidfur  above  the  amount  of  which  was  provoked 
by  the  ingestion  of  the  cholate.  It  was  therefore  concluded 
that  the  secretion  of  sulfur  in  the  bile  was  dependent  on  the 
reserve  of  cholic  acid  in  the  body.  Simon  gave  cholic  acid  to 
a  cystinuric  in  the  hope  of  decreasing  the  amount  of  cystin 
excreted,  but  was  unsuccessful.  Our  results  with  sodium  cholate 
are  in  agreement  with  the  last  observation.  No  noticeable 
effect  on  the  output  of  neutral  sulfur  was  indicated  after  the 
treatment. 

(8)  The  time  relations  after  protein  feeding. 

The  experiment  performed  was  of  such  a  nature  that  as  yet 
we  have  no  standards  in  the  normal  subject  with  which  to  com- 
pare it.  It  shows  however  that  the  maximum  of  nitrogen  took 
place  later  than  that  of  carbon,  and  that  the  former  was  coinci- 
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dent  with  that  of  sulfur.  The  maximum  for  ammonia  nitrogen 
was  early.  The  trends  of  the  curves  showing  the  elimination 
of  neutral  sulfur  and  undetermined  nitrogen  were  alike. 

(9)  Cystinuria  and  its  relations  to  the  bile. 

We  have  previously  referred  to  the  work  of  v.  Bergmann  and 
Simon  who  have  investigated  certain  points  in  connection  with 
cystin  and  the  excretion  of  sulfur  by  the  bile  (section  6).  In  a 
comparison  of  a  case  of  biliary  fistula  in  an  otherwise  normal 
subject  which  has  been  reported  by  one  of  us  (Shaffer)  with  a 
similar  condition  in  a  cystinuric,  we  have  been  unable  to  note 
any  distinct  difference  in  the  composition  of  the  bile  which  may 
be  referred  to  the  cystinuria,  or  in  the  composition  of  the  urine 
which  may  be  referred  to  the  diversion  of  bile  from  the  intes- 
tine. In  all  the  analyses  of  the  bile  made  on  this  case,  the 
relation  of  sulfur  to  nitrogen  varied  only  between  the  limits  which 
were  also  found  in  the  case  of  simple  biliary  fistula.  One  point 
however  was  observed  which  may  distinguish  the  cystinuric  from 
the  normal  individual :  the  administration  of  cystin  by  the  mouth 
appeared  to  raise  the  amount  of  sulfur  excreted  by  the  bile.  The 
relation  of  sulfur  to  nitrogen  during  this  proceeding  was  altered. 
Control  experiments  with  a  normal  subject  with  a  biliary  fistula 
with  the  administration  of  cystin  must  be  made  to  decide  whether 
the  above  mentioned  behavior  is  characteristic  for  cystinuria. 

(10)  The  disappearance  of  the  cystinuria  during  the  examination. 
In  their  second  paper  on  cystinuria,  Loewy  and  Neuberg  have 

referred  to  the  cases  of  this  anomaly  which  have  ceased  with 
lapse  of  time.  The  second  case  which  we  report  shows  this  very 
plainly.  While  the  distribution  of  the  sulfur  components  of  the 
urine  returned  almost  to  normal  ratios,  the  nitrogen  partition 
was  still  characterized  by  a  very  high  undetermined  nitrogen  on 
some  days.  That  the  diversion  of  the  bile  was  not  responsible 
for  this  condition  is  deduced  by  the  fact  that  in  Shaffer's  case  the 
biliary  fistula  did  not  perceptibly  change  the  ratios  of  the  nitro- 
gen constituents  of  the  urine.  We  are  inclined  to  believe 
that  while  the  anomaly  in  metabolism  which  consists  in  the 
elimination  of  cystin  disappeared  during  the  time  the  patient 
was  under  observation,  the  high  relative  undetermined  nitrogen 
indicates  that  a  greater  proportion  of  substances  which  come 
under  the  head  of    amino-acids  as  still  being  excreted.     It  is 
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difficult  to  estimate  what  connection,  if  any,  existed  between 
the  diversion  of  the  bile  stream  from  the  intestine  and  the  dis- 
appearance of  the  cystin  from  the  urine.  As  one  of  us  (Shaffer) 
has  found,  the  neutral  sulfur  of  the  urine  in  normal  subjects 
probably  does  not  have  its  source  in  the  taurin  of  the  bile.  While 
it  is  unlikely  that  the  establishment  of  a  biliary  fistula  had  any 
effect  on  the  cessation  of  the  cystinuria,  the  coincidence  of  tbe 
change  in  the  metabolism  appearing  so  soon  after  the  operation 
is  sufficiently  striking  to  throw  doubt  on  such  a  conclusion. 
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AN  EXPERIMENTAL  STUDY  OF  THE  RATE  OF  REGENERATION  IN 
CASSIOPEA  XAMACHANA  (BIGELOW). 


By  Charles  R.  Stocxasd. 


INTRODUCTION. 


The  suggestion  has  been  advanced  by  Zeleny  (1903  and  1905)  that  the 
greater  the  degree  of  injury,  up  to  a  certain  limit,  the  more  rapid  will  b^ 
the  rate  of  regeneration.  Zeleny's  studies  were  based  on  the  regeneration 
of  the  limbs  in  Crustacea  and  the  arms  of  the  brittle-star,  Ophioglypha.  He 
was  unable  to  oflfer  any  satisfactory  explanation  of  why  the  r^eneration 
rate  increased  with  the  amount  of  injury,  but  advanced  several  suggestive 
h)rpotheses  which  are  subject  to  experimental  test.  First,  he  pointed  out 
that  the  animal  with  the  greater  number  of  appendages  removed  might 
exercise  the  r^enerating  ones  more  vigorously  than  does  the  animal  with 
the  smaller  number  removed.  In  other  words,  activity  should  increase  the 
rate  of  regeneration  in  animals.  Child  (1904)  had  also  been  led  to  think 
that  some  regulating  influence  was  exerted  over  regenerating  tissue  by 
movement  and  nerve  impulses  in  the  flat-worm,  Leptoplana.  I  have  suc- 
ceeded in  devising  two  different  ways  of  testing  the  influence  of  rest  and 
activity  on  the  regenerating  tissues  of  the  medusa  and  find  no  increase  in 
the  rate  of  regeneration  to  result  from  activity. 

It  was  also  suggested  that  the  amount  of  available  food  might  regulate  the 
rate  of  regeneration.  Those  crayfish  most  injured  have  more  food  to  draw 
from,  since  the  other  appendages  are  not  present  to  take  their  share  of  it. 
Morgan  (1906)  has  subjected  this  question  to  thorough  investigation  and 
finds  that  the  amount  or  rate  of  differentiation  of  the  regenerating  organ  is 
independent  of  the  food  supply,  although  the  size  of  the  organ  is  greater 
in  well-fed  individuals  than  in  starved  ones.  "  So  long  as  there  is  enough 
food  material  in  the  blood  or  other  fluids  of  the  body  to  allow  growth  to  take 
place  at  all  it  goes  on  at  a  rate  determined  by  the  peculiarities  of  each  level, 
and  largely  independent  of  the  food  supply."  Here  Morgan  mentions  one 
of  the  most  interesting  points  connected  with  this  subject — that  is,  the  in- 
fluence of  different  levels  of  the  body,  or  of  an  organ,  on  the  rate  of  regen- 
eration. In  the  fish's  caudal  fin  it  was  found  that  new  tissues  regenerated 
faster  the  nearer  the  cut  was  to  the  base  of  the  fin,  and  slower  the  nearer 
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the  cut  to  the  free  end  of  the  fin.  At  first  thought  this  statement  seems  only 
a  different  way  of  saying,  "  the  greater  the  amount  of  injury  the  more  rapid 
will  be  the  rate  of  regeneration."  This  is  not  true,  however,  as  it  was  shown 
that  the  rate  of  regeneration  varied  with  the  shape  of  the  cut  in  a  manner 
not  always  correlated  with  the  extent  of  the  injury.  Experiments  will  be 
recorded  in  the  present  paper  which  seem  to  contrast  the  two  factors  dis- 
tinctly, as  well  as  to  show  the  peculiar  influence  of  the  level  at  which  the 
cut  is  made. 

Again,  Zeleny  offers  the  interesting  conjecture  that  the  uninjured  chete 
may  be  assumed  to  exert  a  retarding  influence  upon  the  growth  or  regenera-  * 
tion  of  all  the  others.  When  one  chela  is  removed  the  number  of  uninjured 
limbs  remaining  is  greater  than  when  both  chelae  and  the  last  two  pairs  of 
walking-legs  are  removed.  The  retarding  influence  with  one  chela  gone, 
if  the  supposition  be  true,  is  greater  than  it  is  when  more  limbs  are  removed 
and  correspondingly  the  rate  of  regeneration  in  the  former  is  slower  than 
in  the  latter  case.  Such  an  explanation  when  modified  might  be  applied  to 
regeneration  in  the  salamander,  the  fish,  and  the  medusa  in  the  following 
way:  When  these  animals  are  cut  at  various  levels  they  regenerate  faster 
the  farther  the  cut  surface,  within  certain  limits  of  course,  is  from  the  ex- 
tremity or  limits  of  the  animal's  body.  A  fish's  tail-fin  grows  faster  from  a 
straight  cut  near  the  base  than  from  a  similar  cut  near  the  end  of  the  fin. 
The  medusa  regenerates  tissue  faster  the  farther  away  from  the  periphery 
the  cut  is  made,  as  though  the  more  tissue  removed  the  less  uninjured  body- 
surface  remained  to  exert  a  retarding  influence. 

The  above  considerations  suggest  the  question  of  the  limits  of  growth ; 
as  the  body  nears  its  adult  or  normal  size  the  rate  of  growth  becomes  slower. 
It  is  also  true  that  the  regenerating  tissue  grows  slower  as  it  reaches  the 
limits  of  the  former  body-surface.  Morgan  (1906)  has  expressed  this  idea 
as  follows: 

If  we  can  find  the  explanation  for  the  cessation  of  growth  at  the  proper  terminus 
we  can  probably  find  also  an  explanation  for  the  difference  in  the  rate  at  different 
levels,  for,  as  can  be  shown,  the  two  things  appear  to  be  one  and  the  same.  In  other 
words,  as  the  new  part  grows  larger  its  materials  change,  and  this  change  is  of  such 
a  kind  that  it  leads  to  the  cessation  of  growth.  Hence  starting  under  different  con- 
ditions at  different  levels  the  same  end  result  will  be  reached  in  all  cases,  and  when 
the  terminus  is  reached  the  growth  should  slowly  decline,  as  we  find  in  fact  that  it  docs. 

Emmel  (1906  and  1907)  has  arrived  at  opposite  conclusions  after  a  study 
of  regeneration  and  molting  in  the  lobster  from  those  cited  above  as  ob- 
tained by  Zeleny  on  the  crayfish.  Scott  (1907),  from  a  study  of  regenera- 
tion on  the  fins  of  Fundulus,  reaches  conclusions  differing  both  from  those 
of  Zeleny  and  Emmel  as  well,  since  he  finds  that  the  degree  of  injury  exerts 
no  influence  whatever  over  the  rate  of  regeneration  in  the  fish's  fin.  Be  this 
as  it  may,  the  fact  remains  that  in  the  salamander,  the  fish,  the  earthworm. 
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and  the  medusa  the  rate  of  regeneration  does  vary  under  various  conditions 
of  injury,  but  depends  upon  the  body-level  at  which  the  cut  is  made. 

The  Crustacea  seem  rather  unsatisfactory  forms  for  the  study  of  such 
problems  as  the  rate  of  regeneration.  They  must  molt  before  the  regenerating 
portion  can  be  observed  and  the  time  between  molts  is  often  greater  than 
the  time  which  would  be  expected  as  necessary  for  the  given  amount  of 
regeneration  to  take  place.  There  is  likely  a  period  of  cessation  of  regen- 
erative growth  preceding  each  molt.  Animals  which  have  a  continuous 
growth  of  regenerating  tissue  seem  much  better  adapted  to  these  studies. 

The  experiments  here  recorded  were  conducted  in  the  Laboratory  of 
Marine  Biology  of  the  Carnegie  Institution  of  Washington,  at  Dry  Tortugas, 
Florida,  during  the  summer  of  1907.  I  wish  to  express  my  thanks  to  the 
Director  of  the  Laboratory,  Dr.  Alfred  G.  Mayer,  for  many  kindnesses 
extended  me  while  there. 

MATERIAL. 

The  rhizostomous  scyphomedusa  Cassiopea  xamachana  is  very  hardy. 
It  attains  a  large  size,  15  or  20  cm.  in  diameter,  and  is  particularly  suited 
to  regeneration  studies,  as  several  experiments  or  cuts  may  be  performed 
on  one  and  the  same  individual  where  the  conditions  are  as  near  similar  as 
would  be  possible  to  obtain.  Further,  since  all  portions  of  the  disk  seem 
capable  of  regeneration  one  may  thus  work  on  the  animal's  body  as  well  as 
on  its  tentacle-like  appendages.  Of  exceptional  importance  is  the  fact  that 
the  circular  disk  will  admit  of  variously  patterned  cuts  which  are  impossible 
on  animals  with  a  differently  shaped  body.  Finally,  the  disk  pulsates  rhyth- 
mically in  a  manner  subject  to  the  control  of  the  experimenter,  thus  enabling 
him  to  test  the  influence  of  motion,  or  activity,  on  the  regenerating  tissue  in 
a  way  not  offered  by  any  other  animal  yet  experimented  upon. 

These  medusae  are  easily  kept  for  long  periods  of  time  in  small  aquaria 
by  merely  changing  the  water  every  two  or  three  days.  They  live  for  some 
time  without  taking  food.  One  may  collect  them  in  abundance  from  the 
moat  which  surrounds  the  old  Fort  Jefferson  at  the  Tortugas  Islands.  The 
water  in  this  moat  is  about  4  to  6  feet  deep,  being  rather  stagnant  at  times. 
Here  Cassiopea  seems  to  thrive,  and  large  numbers  of  them  are  to  be  seen 
lying  upon  the  bottom  with  their  mouth-arms  turned  upwards,  resembling 
bunches  of  dark-colored  moss. 

RATE  OF  REGENERATION  FROM  THE  PERIPHERY  OF  THE  DISKS  WHEN 
CUT  AT  VARIOUS  DISTANCES  FROM  THE  MARGIN. 

It  is  well  to  consider  first  the  less  complex  cases  in  which  an  attempt  was 
made  to  determine  the  difference  in  regeneration  rates  from  cut  surfaces  on 
the  disk  of  Cassiopea  at  various  distances  from  the  margin.  Medium-sized 
medusae  were  selected  for  the  experiments,  and  the  cut  consisted  in  each 
case  of  the  removal  of  a  peripheral  strip  from  the  entire  disk.     Such  an 
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operation  leaves  the  jelly-fish  without  marginal  sense-organs  and,  therefore, 
its  rhythmical  contractions  cease  until  a  slight  epithelial  rim  has  regenerated, 
which  serves  to  reestablish  the  pulsation.  This  new  tissue  is  itself  unable 
to  contract,  yet  it  is  the  seat  of  the  stimulus  which  causes  the  disk  to  pulsate. 
Two  jelly-fish,. each  about  86  mm.  in  diameter,  were  cut  around  their 
entire  periphery  so  as  to  remove  a  strip  of  tissue  lo  mm.  across  (fig.  i). 
Two  other  medusae  were  cut,  in  a  similar  manner  as  near  as  possible,  and  in 
addition  their  mouth-arms  were  removed,  so  that  they  were  entirely  de- 


FiG.  I. — Diagram  indicating  method  of  cutting. 

Fig.  2. — Stippled  border  shows  newly  regenerated  tissue  from  cut  periphery.      New  tissue 
widest  where  ends  of  mouth-arms  (MA)  press  against  it. 

prived  of  all  means  of  obtaining  food.  The  former  are  designated  in  table 
I  as  Nos.  I  and  ia,  the  latter  as  Nos.  2  and  2a.  By  referring  to  this  table 
the  rates  of  regeneration  from  the  cut  peripheries  may  be  readily  ascertained 
for  the  three  medusae,  Nos.  i,  ia,  and  2;  2a  died  soon  after  the  experiment 
had  started.  Nos.  i  and  ia  were  pulsating  two  days  after  the  operation  and  in 
six  days  they  had  grown  a  rim  of  new  tissue  3.3  mm.  wide  about  their  cut 
peripheries.  The  regenerating  tissue  then  began  to  thicken  and  did  not  in- 
crease further  in  width  until  after  the  tenth  day.  On  the  fourteenth  day 
the  sense-organs  were  slightly  indicated ;  from  this  time  until  the  thirty-fifth 
day  there  was  only  a  slight  increase  in  the  radial  width  of  the  regenerating 
rim  until  it  reached  about  5  mm.  across,  or  was  one-half  as  wide  as  the 
piece  originally  removed.  During  this  period,  however,  the  regenerating 
tissue  was  becoming  thicker,  until  it  had  attained  the  normal  thickness  of  the 
disk  for  the  given  level ;  further  differentiation  of  the  sense-organs  was  also 
taking  place.  At  the  same  time  it  must  be  remembered  that  the  animal  as 
a  whole  was  constantly  becoming  smaller  for  want  of  food,  so  that  the  disk 
of  No.  I,  which  measured  66  mm.  in  diameter  after  the  operation  on  June 
13,  measured  only  40.6  mm.  on  July  18,  or  35  days  later.  Thus  the  amount 
of  regenerated  tissue  is  to  the  diameter  of  the  disk  almost  as  much  as  the 
amount  of  tissue  removed  was  to  the  original  diameter  after  the  operation 
was  performed. 
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Table   i. — Regeneration  from  the  cut  periphery  of  the  medusa-disk  after  removal 
of  circular  strips  of  various  width. 


I       Date. 


June  13 
June  13 
June  19 
June  21 
June  23 
June  25 
June  27 
June  30 

July  3 

July  6 

July  6 

July  9 

July  12 

July  18 

July  18 


Remarks. 


Exp.    I    Exp. 


Disk  diameter  before  operation. 

Width  of  removed  margin 

Width  of  new  tissue 

Width  of  new  tissue 

Width  of  new  tissue 

Width  of  new  tissue 

Width  of  new  tissue 

Width  of  new  tissue 

Width  of  new  tissue 

Disk  diameter. 

Width  of  new  tissue 

Width  of  new  tissue 

Width  of  new  tissue 

Disk  diameter 

Width  of  new  tissue 


86.7    '  86.7 
10         10 


3-3 
3.3 
3.3 


3.3 
3.3 
3.3 


4.3    !     4.7 


4.7 
4.7 
4.7 
51.5 
5 
5 
5 


5 

4.7 
4.7 
45.5 
4.5 
4.5 
5 


40.6    I  33.3 
5.1        4.7 


Exp. 


Exp. 


86.7 

10* 

2.5 

2.5 

3 

3.3 
5 
5 


29 

4.7 
5 
Dead. 


64 

10* 

Dead. 


Exp. 

Exp. 

3. 

3« 

86.7 

86.7 

16.5 

16.5 

4 

4 

5 

5 

6.7 

6.7 

6.7 

5.9 

6.7 

5 

5 

5 

5 

4.2 

29 

39 

4.6 

4.2 

4.4 

3.3 

4.7 

3.3 

(t 

31.5 

Exp. 

28 
4.2 
4.2 

Dead. 


3.3 


Date. 


June  13 
June  13 


June  19 
June  21 


June  23 
June  25 


June  27 

June  30 
July  3 
July  6 
July  6 
July  9 
July  12 
July  18 
July  18 


Remarks. 


Disk    diameter    before 

operation. 
Wiath     of      removed 

margin. 


Width  of  new  tissue.. 
Width  of  new  tissue.. 


Width  of  new  tissue.. 
Width  of  new  tissue.. 

Width  of  new  tissue.. 


tissue., 
tissue.. 


Width  of  new 
Width  of  new 
Disk  diameter 
Width  of  new 
Width  of  new 
Width  of  new 

Disk  diameter 

Width  of  new  tissue. 


tissue., 
tissue., 
tissue.. 


Exp.  441. 


93.3 

Disk    center 
only      re- 
mained. 
6.7 
6.7 


Exp.  5. 

96.6 

All  of  disk 
removed. 


None.. 
None.. 


6.7     None.. 


s    5.3 


(thick)  4 

3 

3 

21 

4 

3.3 
4.6 
20 
6.5 


None.. 


None.. 

None.. 
None.. 


None., 
None.. 
Dead.. 


Exp.  5a. 


Exp  5& 


77 

Small  strip  of 
disk  tissue 
left. 

None 

Regenerating 
from     disk  { 
tissue.  I 

Same    as  on  | 

2 1  St. 

Film  of  tissue  I 
over  entire  | 
top. 

Same  as  on 
25th. 

As  on  25th. 

As  on  25th. 


Same  as  ^a. 


None. 
Regenerating 

from    disk 

tissue. 
Same. 

Almost  same 
as5<7. 

Same. 

As  on  25th. 
Dead. 


Thin  film  over  top  (aboral) 
surface  of  mouth -arms, 
regenerated  from  small 
pieces  of  disk  tissue. 


*  Mouth-arms  also  removed. 


t  Arched  aborally,  not  measured. 


It  was  observed  that  those  portions  of  the  regenerating  rim  which  were 
touched  or  pressed  against  by  the  mouth-arms  of  the  medusae  regenerated 
faster  or  grew  out  wider  in  a  radial  direction  than  the  intermediate  portions 
which  were  not  so  pressed  by  the  arms  (fig.  2).  This  condition  may  pos- 
sibly be  due  to  the  mechanical  pressure  of  the  mouth-arms  against  such 
places  causing  them  to  thin  or  flatten  out,  thus  giving  a  more  rapid  radial 
growth,  whereas  the  entire  mass  of  tissue  may  be  no  greater  here  than  from 
other  parts  of  the  regenerating  surface.  I  made  no  observations,  however, 
at  the  time  of  the  experiments  to  ascertain  whether  the  new  tissue  was  thin- 
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ner  at  these  places  where  the  mouth-arms  pressed.  Regeneration  also  pro- 
ceeded at  a  faster  rate  in  the  irregularities  of  the  cut  surface.  This  case  will 
be  fully  considered  in  a  following  section. 

No.  2,  which  was  cut  in  the  same  way  as  Nos.  i  and  ia  and  in  addition 
had  all  of  its  mouth-arms  removed,  regenerated  somewhat  more  slowly  at 
first,  although  obviously  the  most  injured  of  the  three.  Later,  however, 
it  showed  almost  as  much  regenerated  tissue  as  either  of  the  other  two. 
During  the  observations  this  medusa  showed  a  very  peculiar  condition ;  the 
periphery  of  the  disk  became  arched  aborally  and  the  regenerating  tissue 
was  thus  also  directed  aborally,  being  finally  so  folded  over  that  the  animal 
became  cup-shaped  (fig.  3).  The  regenerating  tissue  then  grew  toward  the 
center,  and  by  fusing  the  edges  of  its  periphery  changed  the  cup  into  a  hol- 
low sphere.  This  condition  was  also  observed  in  several  other  experiments 
and  may  be  explained  thus:    The  muscles  being  slightly  out  of  the  nor- 


B 

Fig.  3. — Af  top  view  of  aborally  arched  disk;  new  tissue  (R)  regenerating  from  cut 
periphery  grows  toward  center.  B,  cross-section  of  such  specimen.  C,  new  tissue 
completely  fused  over  top,  converting  former  disk  into  hollow  sphere. 

mal  condition  of  coordination,  those  expanding  the  disk  act  more  strongly 
than  the  oral  contractors  and  the  periphery  is  thus  gradually  directed  more 
and  more  aborally.  The  new  regenerating  tissue  has  a  tendency  to  fuse  if 
two  of  its  surfaces  are  brought  together  so  that  when  its  periphery  is  folded 
aborally  and  the  edges  come  together  they  fuse  and  form  the  hollow  sphere. 
A  similar  balloon-like  condition  has  been  recorded  by  Hargitt  (1899)  in 
Gonionemus,  Hargitt  was  unable  to  produce  such  a  condition  artificially, 
although  he  tried  in  several  ways  to  do  so. 

Two  other  medusae,  designated  in  the  table  as  Nos.  3  and  3A,  had  a  strip 
16.5  mm.  wide  taken  from  the  peripheries  of  their  disks.  These  disks  are, 
therefore,  more  injured  than  the  first  and  they  are  also  cut  at  a  deeper  level. 
After  6  days  they  had  regenerated  a  rim  of  tissue  slightly  wider  than  that 
of  Nos.  I  and  i.\^  and  after  10  days  the  rims  of  the  latter  were  only  half 
as  wide  as  those  of  Nos.  3  and  3A.  From  this  time  the  periphery  of  No.  3 
became  abnormally  arched  and  its  regeneration  was  slightly  modified,  yet  it 
continued  ahead  of  Nos.  i  and  ia.  The  disk  of  3 a  remained  flat  and  the 
regenerated  border  here  increased  rapidly  in  width  for  12  days  and  then 
commenced  to  thicken  and  ceased  to  grow  in  width ;  the  sense-organs  began 
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to  appear  after  23  days.  The  disk  had  resumed  its  rythmical  pulsation  in  2 
days  after  the  operation.  It  will  be  found  by  a  study  of  the  table  that  after 
about  12  days  the  regenerated  tissue  began  to  decrease  in  width.  This  fact 
may  be  explained  by  the  thickening  which  the  new  tissue  commences  to 
undergo  at  this  time,  or  again  it  may  result  from  the  causes  which  tend  to 
make  the  entire  disk  gradually  decrease  in  diameter,  until  after  35  days  it 
is  little  more  than  half  as  large  as  it  was  when  the  experiment  began. 

Nos.  4  and  4A  were  cut  so  that  only  the  center  of  the  disk  covering  the 
bases  of  the  mouth-arms  remained.  From  No.  4  a  strip  almost  one-third 
as  wide  as  the  entire  diameter  of  the  medusa  was  cut  away.  This  disk 
was  90  mm.  in  diameter  before  the  operation  and  only  34  mm.  after  the 
removal  of  the  strip.  It  must  also  be  kept  in  mind  that  the  cut  surface  at 
this  level  is  very  thick,  since  the  disk  is  thickest  at  the  center  and  becomes 
thinner  as  the  margin  is  approached.  No.  4  died  soon  after  the  experiment 
started,  as  is  indicated  in  the  table.  No.  4A  was  healthy  and  within  6  days 
had  regenerated  a  rim  of  tissue  from  its  cut  surface  which  was  almost  twice 
as  wide  as  that  observed  in  any  of  the  above  experiments.  After  12  days, 
here  again,  the  regenerated  strip  ceased  to  increase  in  width,  but  continued 
to  become  thicker.  Finally,  as  is  shown  in  table  i,  the  rim  of  new  tissue 
actually  began  to  decrease  in  width  as  it  had  in  3A. 

The  deep-cut  surfaces  when  regenerating  first  grow  a  wide,  thin  rim  of 
tissue  which  finally  begins  to  thicken  at  the  expense  of  radial  growth  till 
the  normal  thickness  of  the  disk  at  the  given  level  is  reestablished.  It  will 
be  seen  that  regenerating  tissue  from  a  cut  surface  near  the  disk  margin 
widens  slowly,  but  almost  continuously,  as  at  this  level  the  disk  substance  is 
very  thin  and  no  subsequent  thickening  of  the  regenerated  tissue  is  necessary. 

Three  medusae  were  now  cut  so  that  in  two  individuals  only  a  small  bit 
of  disk  remained  attached  to  the  mouth-arms  and  in  the  third  the  entire 
disk  was  removed.  The  object  of  such  operations  was  to  ascertain  whether 
the  mouth-arms  were  able  to  regenerate  a  disk,  or  disk-tissue.  It  was  found 
that  the  very  small  portions  of  the  disks  which  remained  would  regenerate 
new  tissue,  but  the  mouth-arms  were  incapable  of  regenerating  from  their 
bases,  although  they  healed  the  wounded  surfaces  and  lived  for  29  days 
after  the  entire  disk  had  been  removed. 

Other  experiments  on  removing  strips  of  various  widths  from  the  periph- 
ery were  made  and  results  closely  similar  to  those  above  were  obtained. 
One  must  then  conclude  that  the  disk  of  Cassiopea  begins  to  regenerate  its 
margin  at  a  faster  rate  the  nearer  the  cut  is  to  the  center  of  the  disk.  A 
small  individual  regenerates  proportionately  faster  than  a  large  one.  These 
results  are  closely  similar  to  those  obtained  by  Morgan  on  the  salamander, 
fish,  and  earthworm,  and  by  comparison  show  that  the  rates  of  regeneration 
differ  at  different  levels  of  the  body,  and  further  that  (as  in  embryonic 
growth)  the  nearer  the  normal  body-size  or  form  is  approached  the  slower 
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will  be  the  rate  of  the  regenerating  growth.  Miss  King  (1898)  finds  in 
Asterias  that  the  rate  of  regeneration  is  greatest  from  the  disk  and  decreases 
directly  towards  the  tip  of  an  arm.  It  is  also  true  that  those  medusa-disks 
cut  nearer  the  center  are  the  greatest  injured  and  according  to  Zeleny 
would  be  expected  to  regenerate  their  removed  tissue  fastest,  just  as  they 
really  do.  It  so  happens  that  the  difference  in  level  and  the  amount  of  in- 
jury are  often  closely  associated.  I  shall,  however,  cite  an  experiment  be- 
low which  serves  to  contrast  the  two  and  shows  the  level  of  the  cut  to  be 
the  more  important  factor  in  regulating  the  rate  of  regeneration. 

RATE  OF    REGENERATION    FROM  DIFFERENT    PARTS   OF   VARIOUSLY 

SHAPED  CUT  SURFACES. 

For  the  study  of  problems  relating  to  the  rates  of  growth  from  surfaces 
partially  cut  as  compared  with  those  entirely  cut,  and  the  rates  of  growth 
from  different  parts  of  the  same  cut  surface,  Cassiopea  offers  exceptional 
opportimity,  since  the  disk-body  itself  may  be  cut  in  sundry  patterns  and  the 
regeneration  rate  observed  in  the  several  cases.  Morgan  (1902  and  1906), 
from  a  study  of  regeneration  in  the  fish's  fin,  has  contributed  a  number  of 
valuable  observations  bearing  on  the  question  in  point.  The  caudal  fins  of 
Fundulus  and  Carassius  were  trimmed  in  different  ways,  and  it  was  found 
that  partially  cut  surfaces  regenerated  slower  than  entire  surfaces  cut  at 
the  same  level ;  also  that  new  tissue  grew  out  at  a  faster  rate  from  certain 
parts  of  all  cut  surfaces  than  from  other  parts.  Since  Morgan's  experi- 
ments were  confined  to  the  manner  of  regeneration  from  fins  or  appendages, 
I  determined  to  make  similar  cuts  upon  the  disk  or  "  body  "  of  the  medusae 
to  ascertain  whether  the  same  principles  in  regeneration  would  hold.  The 
results  show  not  only  that  the  same  manner  of  regeneration  is  adhered  to 
in  the  body  and  in  the  appendages  of  the  two  animals,  but  further,  that  the 
forces  controlling  or  determining  the  regeneration  rate  on  various  parts  of 
the  cut  surfaces  act  similarly  in  animals  as  different  as  fish  and  medusae, 
almost  at  the  opposite  ends  of  the  animal  series. 

Straight  cuts  were  made  upon  the  disks  of  medusae  in  the  following 
ways:  First,  a  single  piece  was  cut  from  the  disk,  as  shown  in  figure  4. 
Second,  two  such  pieces  were  cut  off  as  indicated  in  figure  5,  and  lastly 
three  pieces  were  removed  as  in  figure  6.  Five  individuals  were  cut  in  each 
way  and  different-sized  pieces  were  removed.  The  course  of  regeneration 
followed  by  each  of  the  cuts  in  all  of  the  15  medusae  was  practically  the 
same.  The  history  of  one  set,  consisting  of  one  of  each  kind  of  individual, 
will  answer  for  all. 

The  specimen  having  one  cut  will  be  designated  as  A,  the  two  cuts  as 
B,  and  the  three  cuts  as  C.  From  A  a  portion  of  the  disk  was  removed 
that  measured  32  mm.  wide  at  its  broadest  place  and  included  6  of  the  16 
marginal  sense-organs.    Four  days  later  the  regenerated  tissue  from  the  cut 
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was  shaped  as  indicated  in  figure  7.  The  middle  part  of  the  cut,  which  is  the 
deepest  part  and  nearest  the  disk  center,  regenerates  faster  than  the  sides. 
After  a  number  of  days  the  middle  part  goes  a  little  slower  and  when  the 
cut  is  20  days  old  the  regenerated  tissues  from  different  parts  of  the  cut  sur- 
face are  about  the  same  widths,  although  the  middle  portion  is  the  thicker. 

Sense-organs  commence  to  form  from  the  new  tissue  at  this  time.  The 
new  tissue,  being  weaker  than  the  other  parts  of  the  disk,  is  sometimes  pulled 
aborally  and  somewhat  folded  or  puckered,  so  that  it  is  difficult  to  measure 
accurately,  though  during  the  first  25  days  of  the  experiment  the  regenera- 
tion rate  at  different  portions  of  the  cut  may  be  accurately  measured. 

The  manner  of  regeneration  from  the  two  cut  surfaces  of  B  is  identical 
with  that  from  the  single  cut  of  A.    In  both,  then,  the  rate  of  regeneration 


Figs.  4,  5,  6 — Diagrams  indicating  ways  in  which  disks  were  cut  to  give  one,  two,  and 

three  straight  cut  surfaces.     SO,  sense-organs. 
Figs.  7,  8. — New  tissue  (stippled). 
Fio.  9. — ^Top  and  side  views  of  disk  cut  as  shown  in  fig.  6.    During  regeneration  the  intact 

corners  became   aborally  arched,   modifying  the   manner  of  growth   and   producing 

hollow  spheres  with  opening  at  top. 

is  retarded  at  the  marginal  corners  of  the  cut,  so  that  the  mid-portion  grows 
ahead  of  the  lateral  parts  (see  fig.  8). 

The  three  cut  surfaces  of  C  (fig.  6)  follow  the  same  course  of  regenera- 
tion as  do  those  of  A  and  B.  Disks  cut  in  this  way,  however,  seem  espe- 
cially inclined  to  turn  their  three  intact  corners  aborally,  and  in  so  doing 
the  cut  surfaces,  instead  of  remaining  straight  form  angles.  It  will  be 
shown  more  in  detail  later  that  regeneration  proceeds  much  more  rapidly 
in  an  angular  cut  than  from  a  straight  surface,  since  the  two  sides  of  the 
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angle  seem  to  reenforce  one  another  in  regeneration,  a  kind  of  summation 
of  regeneration  occurring.  Through  such  a  process  the  disk  is  converted 
into  a  ball-shaped  body  with  a  small  triangular  opening  at  the  top,  where 
the  three  uninjured  comers  are  brought  almost  together  (fig.  9). 

It  will  be  recalled  that  the  fins  of  the  gold-fish  and  Fundulus,  when  cut 
straight  across,  begin  to  regenerate  their  new  tissues  faster  in  the  middle 
of  the  cut  and  slower  near  the  comers,  a  fashion  identical  with  that  fol- 
lowed by  the  disk  of  the  jelly-fish. 

The  medusae-disks  were  next  cut  in  such  patterns  as  to  give  what  Mor- 
gan has  termed  "partial  cut  surfaces"  (figs.  10,  11,  and  12).  Such  cuts 
were  varied  in  the  width  of  their  different  parts  as  well  as  in  depth.  Many 
individuals  were  prepared  in  the  several  ways. 

The  deep  part  of  the  cut  shown  in  figure  10  must  be  wide,  since  it  shows 
a  strong  tendency  to  close  its  walls  together  after  a  week  or  two  (fig.  14). 
The  history  of  the  regeneration  from  such  a  cut  surface  may  be  recorded 
in  detail.  The  cut  was  made  so  that  the  bottom  of  the  deep  part  was  23  mm, 
from  the  peripheral  margin  at  its  most  distant  point;  this  part  was  26  nmi. 
in  width;  the  lateral  shallow  parts  of  the  cut  were  each  19  mm.  wide  and 
10  mm.  below  the  margin  at  their  middle  point.  Four  days  after  the 
operation  the  regeneration  was  perceptibly  greater  from  the  deep-cut  sur- 
face than  from  the  lateral  shallow  surfaces,  and  within  six  days  the  middle 
part  had  almost  overtaken  the  lateral  surfaces  (fig.  13).  The  regeneration 
in  the  deep  cut  really  takes  place  from  three  surfaces,  the  bottom  and  the 
two  sides  of  the  cut,  as  here  there  is  free  opportunity  for  lateral  regenera- 
tion, thus  diflFering  from  the  case  of  the  fish's  fin,  where  the  fin-rays  seem 
to  prevent  lateral  regeneration,  since  they  are  only  capable  of  growing  out 
from  the  stumps  of  the  old  rays. 

Ten  days  after  the  operation  there  was  13  mm.  of  regenerated  tissue 
from  the  deep  cut  and  only  10  mm.  from  the  lateral  shallow  parts.  After 
14  days  the  deep  cut  had  become  so  pulled  together  that  there  was  only  5 
mm.  between  its  original  walls.  When  20  days  old  the  regenerated  tissue 
had  rounded  across  its  free  margin  and  was  now  growing  out  as  one  piece. 
After  23  days  the  old  sides  of  the  deep  cut  were  only  3.3  mm.  apart;  the 
regenerated  tissue  over  it  measured  only  10  mm.  and  over  the  shallow  parts 
7  mm.  This  loss  in  width  may  be  either  due  to  the  thickening  of  the  new 
tissue  which  is  taking  place,  or  may  be  on  account  of  the  general  decrease 
in  size  which  the  medusa  has  undergone,  measuring  now  63  mm.  in  diameter, 
whereas  it  was  77  mm.  across  when  the  experiment  began.  The  new  tissue 
from  the  deep  cut  after  the  twenty-third  day  began  again  to  increase  slowly 
in  width  until  when  35  days  old  it  was  14.5  mm.  wide  and  that  from  the 
shallow  parts  was  8  mm.  The  original  walls  of  the  deep  cut  were  almost 
drawn  together,  being  only  2.3  mm.  apart.  The  entire  cut  had  tended  to 
contract,  so  as  to  take  an  angular  form,  as  illustrated  in  figure  14.     All 
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medusae  operated  on  in  this  fashion  regenerated  similarly  to  this  one.    Their 
manner  of  regeneration  may  then  be  briefly  summarized  as  follows : 

The  rate  of  proliferation  of  new  tissue  is  faster  from  the  deep  partial- 
cut  surface  and  slower  from  the  lateral  surfaces.  The  angles  of  the  deep 
partial  cut  assist  in  the  regeneration  process  and  thereby  help  to  make  it 
proceed  faster  from  this  portion  of  the  cut,  whereas  the  corners  of  the 
lateral  cuts  seem  to  exert  a  retarding  influence  over  the  rate  of  regeneration 


Figs,  io,  ix,  x2. — Diagrams  showing  manner  of  cutting  medusae  disk  to  test  regeneration 
rates  from  partial  cut  surfaces. 

Figs.  13,  14. — Stippled  areas  indicate  course  of  regeneration  from  cut  surface  of  pat- 
tern, fig.  10. 

Figs.  15,  16. — Course  of  regeneration  from  such  a  cut  as  shown  in  fig.  zx. 

Fig.  17. — Showing  manner  of  regeneration  from  fig.  12. 

(see  fig.  13).    Such  a  conclusion  is  identical  with  that  reached  by  Morgan 
in  his  study  of  the  regeneration  from  similar  cut  surfaces  on  the  fish's  fin. 
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We  may  now  consider  regeneration  from  surfaces  cut  in  practically  the 
opposite  manner  from  those  just  recorded.  The  lateral  cuts  are  deep,  with 
a  high  middle  tongue-piece  (fig.  ii).  Many  medusae  cut  in  this  fashion 
regenerated  tissue  in  a  similar  way.  The  exact  history  of  one  of  the  indi- 
viduals is  as  follows :  The  disk  was  cut  so  that  the  lateral  surfaces  were  26 
and  41  mm.  wide,  respectively,  and  the  high  tongue-piece  between  them 
was  14.5  mm.  wide  and  10  mm.  high,  or  above  the  level  of  the  side  cuts 
(fig.  11).  Six  days  after  the  operation  the  newly  proliferated  tissue  was 
widest  on  the  two  side  portions  and  narrow  from  the  middle  piece.  The 
comers  of  the  high  middle  part  seemed  to  exert  a  retarding  influence  on  the 
regenerative  processes,  as  did  also  the  outer  or  marginal  corner  of  the  lateral 
cuts.  The  inner  comers  of  the  side  cuts  were,  on  the  other  hand,  the  places 
of  greatest  regeneration,  as  no  doubt  the  lateral  and  basal  surfaces  both  con- 
tributed to  the  process  (fig.  15).  Nine  days  after  the  operation  the  re- 
generated tissue  from  the  lateral  cuts  was  5  mm.  wide,  while  that  from  the 
middle  piece  was  only  half  as  much.  On  the  twelfth  day  the  conditions  were 
about  the  same.  The  fifteenth  day  gave  the  side  parts  7  mm.  of  new  tis- 
sue, while  the  middle  part  had  proliferated  tissue  only  2.3  mm.  wide.  At 
this  time  the  old  border  of  the  middle  piece  is  8  mm.  wide,  while  the  lateral 
parts  are  16  and  5  mm.  respectively.  When  21  days  old  the  regenerated 
tissue  had  rounded  its  border  (fig.  16)  and  measured  7  mm.  deep  over  the 
side  cuts  and  3.5  mm.  over  the  middle  part.  From  this  time  until  the  twenty- 
seventh  day  the  middle  part  continued  to  grow  out  new  tissue,  while  the  side 
portions  seemed  to  have  completed  themselves. 

Regeneration  from  such  a  cut  surface  may  be  thus  summarized.  The 
lateral  cut  surfaces  produce  new  tissue  faster  than  the  high  middle  piece. 
The  outer  corners  of  all  the  cut  surfaces  seem  to  exert  a  retarding  influence 
on  the  rate  of  regeneration,  while  from  the  inner  corners  of  the  lateral  cuts 
new  tissue  is  formed  at  a  very  rapid  rate,  which  is  probably  due  to  a  sum- 
mation of  regeneration.  It  will  be  again  recalled  that  an  identical  condition 
exists  in  the  regeneration  from  similar  cuts  on  the  fish's  tail. 

Medusae  were  also  cut  in  such  a  way  as  to  test  the  rate  of  growth  at  dif- 
ferent levels  on  one  and  the  same  individual.  Here,  obviously,  the  conditions 
of  nutrition  and  vigor  must  be  as  nearly  identical  as  possible.  At  one  place 
on  the  rim  of  the  disk  a  piece  was  cut  out  which  was  10  mm.  deep  at  its 
broadest  part.  Opposite  this  cut,  or  180°  away,  a  second  piece  of  the  disk, 
including  an  arc  of  the  same  extent,  was  cut  away  to  a  depth  of  16  mm. 
from  the  highest  point  of  the  arc  (fig.  12).  When  one  cut  is  narrower 
peripherally  than  the  other,  the  rates  of  regeneration  are  not  readily  com- 
pared, since  regeneration  proceeds  more  rapidly  from  a  narrow  cut  than 
from  a  wide  one  at  the  same  level. 

After  six  days  the  regenerating  tissue  was  broader  from  the  deep  than 
from  the  shallow  cut,  although  here  it  has  a  thicker  base  of  tissue  to  grow 
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from ;  this  is  also  true  for  the  fish's  fin,  where  the  deeper  cut  has  a  thicker 
base.  Two  measurements  of  the  regenerating  tissue  were  made,  since  the 
thick  base  was  not  exactly  a  perpendicular  surface.  The  one  was  from  the 
edge  of  the  old  tissue  on  the  aboral  surface  to  the  edge  of  the  new  tissue, 
which  measured  5  mm.  over  the  deep-cut  surface;  the  other  measurement 
was  from  the  oral  border  of  the  old  tissue  to  the  margin  of  the  regenerated 
tissue,  3.5  mm.  wide.  The  rate  of  r^eneration  was  fastest  at  the  comers 
in  these  cuts,  being  7  mm.  wide  at  this  place  in  the  deep  cut.  The  shallow 
cut  showed  1.5  mm.  of  new  tissue  from  its  middle  and  5  mm.  from  its  cor- 
ners (fig.  17).  After  9  days  the  deep  cut  had  regenerated  tissue  7  mm. 
wide  from  its  middle,  while  the  shallow  cut  showed  only  3.5  mm.  of  tissue. 
Both  of  the  cuts  were  at  this  time  13  mm.  in  width  peripherally.  When  18 
days  old  the  cuts  were  10  mm.  across  between  the  vertical  edges  of  the  old 
tissue,  the  deep  cut  had  regenerated  new  tissue  7  mm.  wide  and  the  shal- 
low 3.5  mm.,  or  half  as  much.  Here  again  regeneration  proceeds  in  one  and 
the  same  individual  at  a  faster  rate  from  the  cut  surface  at  the  level  nearer 
the  disk-center  than  from  a  similar  more  distal  cut. 

I  may  now  cite  an  experiment  which  was  made  to  test  whether  medusae 
would  r^enerate  their  sense-organs  faster  when  consecutive  ones  were  re- 
moved or  when  alternate  ones  were  cut  away.  The  experiment  threw  no 
light  on  this  question,  but  the  result  was  curious  and  for  this  reason  may  be 
mentioned.  Two  healthy  medusae,  one  with  16  and  the  other  with  17  mar- 
ginal sense-organs,  were  treated  as  follows:  Four  adjacent  sense-organs  were 
removed  from  one  part  of  the  disk  and  three  alternate  ones  from  the  region 
opposite  these.  After  23  days  no  definite  trace  of  regenerating  sense-organs 
could  be  detected,  so  all  of  the  remaining  old  sense-organs  were  cut  away 
to  ascertain  whether  the  new  ones  were  sufficiently  regenerated  to  maintain 
the  pulsation  of  the  disks.  The  disks  became  perfectly  stiH  after  the  last 
one  of  the  original  sense-organs  was  cut  off,  and  only  after  a  period  of  6 
days  was  one  individual  slowly  pulsating.  This  is  peculiar,  as  when  the 
entire  peripheral  border  with  all  sense-organs  is  removed  the  newly  regen- 
erated tissue  causes  the  disk  to  pulsate  usually  after  two  or  three  days. 
Further,  a  number  of  medusae  with  r^enerated  margins  had  produced 
sense-organs  from  their  new  tissue,  while  the  two  above  had  not  regenerated 
them  from  their  old  bases. 

REGENERATION  AFTER  THE  REMOVAL  OF  PIECES  OF  ORAL  EPITHE- 
LIUM OF  DIFFERENT  SIZES  AND  AT  DIFFERENT  DISTANCES  FROM 
THE  DISK-CENTER -THE  QUESTION  OF  "REGENERATIVE  PRES- 
SURE." 

These  experiments  were  carried  out  with  the  hope  of  testing  whether 
or  not  "regenerative  pressure,"  in  the  sense  Morgan  (1906)  used  the  term, 
actually  exists  and  exerts  itself  from  the  center  radially  to  the  periphery. 
In  other  words,  is  this  force  felt  more  towards  the  center  and  gradually 
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less,  as  the  limits  or  periphery  of  the  body  is  reached?  This  pressure  is 
responsible  for  the  "  gradual  slowing  of  regeneration  as  the  normal  form 
is  approached,  and  it  is  apparent  that  this  retardation  will  be  the  same, 
whether  it  occurs  near  the  end  of  an  old  part  or  as  a  new  part  approaches 
completion."  If  this  be  true  it  ought  also  to  follow  that  the  pressure  con- 
ditions of  regenerative  forces  are  greater  in  the  center  than  at  the  periphery 
of  the  disk  in  Cassiopea, 

In  the  experiments,  only  the  oral  epithelium  and  thin  superficial  muscle- 
layers  were  removed.  It  may  be  that  such  experiments  are  not  conclusive, 
since  this  pressure  might  exert  itself  outward  from  the  face  or  cross-cut 
area  only,  and  not  so  clearly  on  the  surface.  At  any  rate,  as  will  be  seen, 
the  results  do  not  lend  particular  strength  to  the  idea  of  greater  r^enera- 
tive  pressure  near  the  center. 

Six  medusae  were  operated  upon  as  follows:  From  the  oral  surfaces  of 
two  individuals,  Nos.  \  and  ia,  two  rectangular  pieces  of  epithelium  and 
underlying  muscle  were  removed.  The  removed  tissues  had  the  same  width 
in  a  radial  direction  and  were  equidistant  from  the  periphery,  while  one  piece 
was  longer  than  the  other  in  the  direction  parallel  to  the  circumference  of 
the  disk  (fig.  i8).  If  the  pressure  exerts  itself  only  in  a  radial  direction, 
then  the  two  cuts  should  regenerate  at  the  same  rate  independent  of  their 
peripheral  lengths,  since  they  are  equally  wide.  Two  other  medusae,  Nos.  2 
and  2A,  had  two  equal-sized  pieces  removed  from  their  oral  surfaces,  one 
piece  being  nearer  the  center  than  the  other  (fig.  19).  The  last  two,  Nos.  3 
and  3A,  had  one  piece  running  in  a  radial  direction  cut  from  each,  as  seen  in 
figure  20. 

Mayer  (1906)  has  shown  that  when  the  epithelium  is  scraped  away  on 
the  oral  surface  of  Cassiopea  an  electrical  stimulus  applied  on  one  side  of 
the  abrasion  is  unable  to  pass  over  and  stimulate  the  tissue  on  the  other 
side.  As  soon,  however,  as  a  very  delicate  layer  of  tissue  is  regenerated 
over  the  cut  place  the  stimulus  will  be  transmitted  across.  This  affords  a 
delicate  means  of  detecting  the  first  trace  of  regeneration. 

Twenty-four  hours  after  the  above  operations  No.  3  was  scratched  on 
its  oral  surface  so  as  to  divide  it  into  a  series  of  concentric  rings  (fig.  21). 
The  rings  were  then  scratched  across  at  a  place  opposite  the  removed  radial 
strip.  The  rings  of  tissue  were  thus  broken  at  one  place,  so  that  no  impulse 
could  pass  from  one  of  their  halves  to  the  other  unless  tissue  had  regen- 
erated over  the  radial  injury  sufficiently  to  conduct  the  stimulus.  It  would 
be  expected  that  the  inner  ring  should  be  the  first  to  conduct.  None  of  the 
injuries  had  regenerated  sufficiently  after  24  hours. 

Two  days  after  the  operation  Nos.  i  and  ia  did  not  transmit  across 
their  injuries.  No.  2  transmitted  the  stimulus  across  the  inner  area  only, 
although  this  was  equal  in  extent  to  the  more  peripheral  injury.  The  clear, 
transparent  regenerating  epithelium  could  now  be  seen,  and  it  was  noticed 
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that  the  growth  was  greatest  at  the  two  ends  instead  of  in  the  radial  direc- 
tion (fig.  19A).  This  is  probably  due  to  the  corners  being  nearer  together 
at  these  ends,  and  regeneration  takes  place  from  both  sides  of  the  angles, 
such  a  summation  causing  it  to  proceed  faster. 

Four  days  after  the  operation  all  of  the  scars  had  regenerated  tissue 
sufficiently  to  cover  them  completely  over.  The  smaller  places  had  r^ener- 
ated  sooner  than  the  larger  ones,  yet  a  comparison  of  rates  of  regeneration 
is  difficult  to  make,  since  the  wounds  tend  to  draw  their  walls  together  and 


Figs.  18,  19,  20. — ^Positions  and  patterns  of  pieces  of 
oral  epithelium  cut  away  to  test  force  of  regenera- 
tive pressure  from  disk-center  radially  outward. 
Fig.  19A,  New  tissue  growing  over  rectangular 
wounds. 

Fig.  21. — Manner  of  scratching  circles  through  oral 
epithelium  to  test  rate  of  regeneration  from  dif* 
ferent  parts  of  superficial  radial  wound. 


thus  close  at  the  same  time  that  the  regeneration  is  in  progress.     On  the 
whole  this  experiment  is  unsatisfactory. 

A  somewhat  similar  experiment  was  arranged  to  test  the  rates  of  regen- 
eration of  epithelial  coverings  over  wounds  of  different  sizes  and  others  of 
the  same  size  at  different  distances  from  the  disk  center.  The  sizes  of  the 
holes  were  regulated  by  means  of  a  sharp  cork-borer,  which  could  be  used  to 
cut  out  small  circles  of  exact  diameters.  Nos.  i  and  ia  each  had  three  cir- 
cular wounds  10  mm.  in  diameter  at  10,  16,  and  20  mm.  from  the  margin. 
Nos.  2  and  2A  had  three  circles  scraped,  each  about  24  mm.  from  the  disk 
margin  and  over  radii  leading  to  the  sense-organs.  The  circles  were  7,  8.5, 
and  10  mm.  in  diameter.  On  3  and  3A  four  circles  each,  8.5  mm.  in 
diameter,  were  scraped,  20  mm.  from  the  margin,  two  of  the  wounds  being 
over  radii  leading  to  sense-organs  and  two  midway  between  such  radii.  All 
four  are,  however,  immediately  below  radiating  canals,  so  that  the  difference 
in  regeneration  rate,  should  any  be  observed,  might  be  attributable  to  their 
different  nervous  connections  (fig.  23). 
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Two  days  after  the  operation  Nos.  i  and  ia  showed  their  outermost 
circles  with  regenerated  films  about  half  over  them ;  the  inner  circles  were 
in  the  same  condition,  but  the  two  circles  occup3dng  intermediate  distances 
from  the  margins  had  regenerated  films  of  epithelium  which  entirely  covered 
the  wounds.  In  No.  2,  where  the  three  circles  were  equidistant  from  the 
margin  but  of  different  diameters,  the  largest  and  smallest  circles  were  still 
not  completely  covered  over,  while  the  one  of  intermediate  size  was  entirely 
covered.  In  2a  all  of  the  circles  had  regenerated  coverings  entirely  over 
them.  Nos.  3  and  3A  showed  all  of  the  holes  to  be  5  mm.  in  diameter ;  thus 
they  had  become  contracted  to  little  more  than  half  of  their  original  size. 
Those  on  the  sense-organ  radii  seem  a  little  further  covered  than  those  on 
intermediate  radii,  though  there  is  very  little  difference  at  all. 


Fig.  22. — Medusa  disk  with  3  equal  sized  circular  wounds  at  different  distances  from 

margin. 
Fig.  23. — Disk  with  2  circular  wounds  over  radii  leading  to  sense-organs,  and  2  exactly 

similar  wounds  between  sense-organ  radii.     SO,  sense-organs. 
Fig.  24. — ^Regeneration  from  3  circular  oral  wounds. 

With  these  circular  cuts  one  eliminates  the  angular  regeneration  factor 
mentioned  in  the  experiments  above,  and  it  was  noted  in  all  cases  that  the 
film  was  widest  from  that  area  of  the  circumference  toward  the  disk  center 
(fig.  24).  This  condition  would  be  expected  on  the  hypothesis  of  greater 
regenerative  pressure  near  the  disk  center,  though  the  deeper  level  of  the 
cut  at  this  part  is  a  better  explanation. 

Three  days  after  the  operation  all  of  the  circles  were  entirely  covered 
over.  These  experiments  are  also  difficult  to  draw  conclusions  from,  since 
the  wounds  have  a  tendency  to  contract  while  they  are  healing  and  regen- 
erating new  tissue.  Those  nearest  the  disk  center  contract  most.  Thus  one 
might  believe  them  to  be  more  rapidly  producing  the  new  tissue. 
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THE  RATE  OF  REGENERATION  FROM  DIFFERENT  AREAS  ON  TAPERING 
PERIPHERAL  STRIPS  AND  REMAINING  PART  OF  DISK  — CONTRAST- 
ING THE  LEVEL  OF  THE  CUT  AND  EXTENT  OF  INJURY, 

The  circular  medusa  disk  offers  exceptional  material  for  certain  opera- 
tions that  could  not  be  carried  out  on  animals  having  a  differently  shaped 
body.  It  has  been  found  difficult  to  perform  an  experiment  which  would 
clearly  contrast  the  rate  of  regeneration  from  certain  levels  with  the  rate 
from  parts  more  or  less  injured.  According  to  Zeleny  the  rate  of  regenera- 
tion will  be  faster  the  greater  the  injury  up  to  a  reasonable  limit,  and  ac- 
cording to  Morgan's  pressure  and  growth  idea  the  rate  varies  at  different 
levels,  being  slower  as  the  level  is  nearer  the  normal  body  limits.  The  con- 
ditions are  usually  open  to  either  interpretation,  since  the  least  injured  ani- 
mals are  the  ones  with  less  body  tissue  removed  and  necessarily  nearer  the 
normal  body  limits  than  those  with  more  tissue  removed. 


Fig.  25. — Manner  of  cutting  bias  strip 
from  periphery  of  medusa  disk. 

Fig.  26. — Such  strip  if  straightened 
would  form  a  long  triangle  with 
sense-organs,  SO,  along  its  base. 

Fig.  27. — Manner  of  regeneration  from 
cut  edge  of  the  disk  center. 


If  a  medusa  disk  is  so  cut  that  a  strip  wide  at  one  end  and  narrow  at 
the  other  is  removed  from  the  entire  periphery,  then  regeneration  will  take 
place  from  the  entire  cut  surface  of  the  strip  and  also  from  the  cut  margin 
of  the  remaining  disk  center  (fig.  25).  The  strip  is  most  injured,  one  may 
say,  at  its  narrow  end,  as  obviously  here  more  of  the  disk  has  been  re- 
moved from  it,  and  it  is  least  injured  at  its  broad  end,  as  here  less  tissue 
has  been  cut  away.  The  wide  end  of  the  strip,  however,  has  more  raw 
tissue  exposed  by  the  cut,  as  the  disk  is  thicker  near  the  center  and  gradu- 
ally thinner  toward  the  periphery.  One  might  claim  that  those  portions 
with  the  most  raw  tissue  exposed  were  the  most  injured;  therefore  the 
strip  and  disk  center  were  equally  injured  along  corresponding  regions 
of  the  cut.  It  seems  more  logical,  however,  to  consider  the  object  most 
injured  from  which  a  greater  amount  of  its  original  body  tissue  has 
been  separated.  The  remaining  disk  center  is  most  injured  where  it  was 
deepest  cut  or  on  that  part  from  which  the  wide  end  of  the  strip  came,  and 
it  is  least  injured  where  the  narrower  part  of  the  strip  came  from. 
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The  rate  of  regeneration  from  the  strip,  which  when  straightened  forms 
a  long  triangle,  is  fastest  at  the  wide  end  and  is  gradually  slower  as  the 
narrow  end  is  reached  (fig.  26).  In  other  words,  it  is  fastest  from  the  part 
of  least  injury.  The  regeneration  rate  from  the  disk  part  is  most  rapid  in 
the  deep  cut  and  slower  as  the  cut  approaches  the  margin  (fig.  27).  Here, 
then,  it  is  fastest  at  the  place  of  greatest  injury.  In  both  cases,  however,  re- 
generation is  fastest  at  the  deepest,  or  same,  level,  and  slower  as  the  level 
nears  the  margin.  It  is  of  interest  to  note  that  the  regeneration  in  both  direc- 
tions, toward  the  periphery  and  toward  the  center,  proceeds  at  almost  the 
same  rate  from  the  same  level. 

It  might  be  claimed  that  the  narrow  end  of  the  strip  did  not  have  suffi- 
cient material  for  more  rapid  regeneration,  but  this  is  scarcely  possible,  since 
the  entire  strip  is  in  a  healthy,  vigorous  condition  and  the  narrow  end  might 
easily  draw  on  other  portions  for  food  material.  The  rate  of  r^enera- 
tion  at  the  narrow  end  is  due  to  its  level,  and  is  usually  the  same  as  that 
from  the  corresponding  place  on  the  center  disk,  or  even  in  some  cases  the 
rate  of  regeneration  from  the  narrow  end  may  exceed  that  from  the  same 
cut  area  of  the  disk. 

After  removal  from  the  disk  the  strip  continues  to  pulsate,  thus  having 
a  twisting  serpentine  motion  which  often  causes  it  to  twist  or  become 
folded.  Bends  and  folds  form  angular-like  places  along  the  cut  surface  and, 
as  mentioned  in  previous  sections  of  this  paper,  the  shape  of  the  cut  exerts 
an  influence  on  the  rate  of  regeneration.  This  source  of  error  has  been  kept 
in  mind  and  the  regenerating  tissue  from  the  strips  carefully  measured  on 
all  parts.  It  was  evident  that  r^eneration  proceeded  in  exactly  the  manner 
cited  above  and  was  oftentimes  twice  as  much  from  the  wide  as  from  the 
narrow  end  of  the  strip  within  5  days  after  the  operation. 

This  experiment  seems  to  contrast  in  a  way  the  influence  due  to  the  de- 
gree of  injury  and  those  exerted  by  the  different  levels  of  the  animal's  body 
upon  the  rate  of  regenerative  growth.  If  this  be  true  the  level  at  which  the 
cut  is  made  is  the  more  important  factor  of  the  two,  and  if  the  extent  of 
injury  exerts  any  influence  upon  the  rate  of  regeneration  it  is  a  secondary 
influence  and  probably  due  only  to  the  fact  that  the  amount  of  injury  and 
level  are  closely  associated.  The  greater  the  injury  to  a  medusa  the  closer 
the  level  is  to  the  disk  center. 

That  such  an  experiment  on  the  medusa-disk  is  to  be  freely  compared 
with  experiments  in  which  different  numbers  of  appendages  are  removed 
will  probably  not  be  generally  admitted.  I  should  not  like  to  be  understood 
as  claiming  that  the  narrow  end  of  the  "  strip  "  bears  a  similar  relation 
to  the  wide  end  as  that  which  the  animal  with  many  appendages  removed 
does  to  the  one  with  few. 

This  experiment  serves  further  to  indicate  that  activity  and  rest  are 
negative  factors  in  determining  the  rate  of  regeneration.  The  bias-cut  strip 
is  in  periodic  pulsation  from  the  time  it  is  removed  from  the  central 
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portion  of  the  disk,  while  the  latter  does  not  pulsate  until  a  sufficient  rim 
of  new  tissue  has  formed  around  its  cut  edge,  usually  requiring  about  two 
days  after  the  operation.  Yet  the  rate  of  regeneration  is  practically  the 
same  from  corresponding  parts  of  the  two  pieces.  The  physical  condition 
of  the  strip  and  center  piece  must  be  closely  similar,  since  they  are  parts 
of  the  same  individual.  It  is  important  to  remember  here  that  the  sense- 
organs  and  a  part  of  the  nerve-ring  accompany  the  strip,  while  the  central 
part  has  much  less  ner\'ous  tissue ;  yet  this  fact  seems  to  cause  no  diflference 
in  the  rate  of  regeneration  of  new  tissue  from  the  two  pieces.  The  question 
of  the  influence  of  activity  and  rest  will  be  attacked  in  a  more  conclusive 
manner  in  the  next  section. 

REGENERATION  DURING  ACTIVITY  AND  REST- WITH  AND  WITHOUT 
RHYTHMICAL  CONTRACTIONS. 

Zeleny  has  suggested,  with  reservation,  that  when  several  appendages 
are  removed,  the  effort  to  use  the  regenerating  ones,  or  exercise,  may  cause 
the  buds  to  grow  faster.  The  general  question  of  the  influence  of  the 
nervous  system  on  regeneration  is  an  important  one.  Since  Cassiopea  is 
an  animal  with  a  rhythmically  pulsating  movement,  it  seemed  likely  that  an 
experiment  might  be  so  arranged  as  to  test  the  influences  of  activity  and 
rest  on  the  rate  of  regeneration.  With  such  an  idea  in  view  a  number  of 
experiments  were  performed,  the  most  satisfactory  being  recorded  below. 

A  ring  about  20  mm.  in  width  was  cut  from  the  margin  of  the  disk. 
The  sense-organs  were  removed  from  half  the  periphery  of  this  ring,  while 
equal-sized  pieces  of  tissue  between  the  sense-organs  were  cut  from  the 
other  half,  the  degree  of  injury  thus  being  practically  equal  on  the  two  halves. 
If,  then,  the  epithelium  was  scraped  across  between  the  sense-organ  half 
and  the  other  without  sense-organs,  the  first  half  continued  to  pulsate,  while 
the  latter  comes  to  rest  (see  fig.  28,  a).  Such  a  ring  will  regenerate  tissue 
toward  the  center  until  the  circular  space  is  covered  over.  Careful  measure- 
ments were  made  on  six  preparations  of  this  kind  with  two  controls  which 
had  the  entire  ring  in  motion  and  two  others  with  all  the  ring  at  rest. 
Comparing  all  measurements,  it  seems  as  though  the  tissue  was  regenerated 
at  approximately  equal  rates  from  the  two  halves  (fig.  28,  b).  From  this 
experiment  one  is  unable  to  find  any  reason  to  believe  that  activity  or  effort 
is  capable  of  accelerating  the  regeneration  rate.  In  this  animal  the  rate  of 
regeneration  seems  to  be  independent  of  the  nervous  impulse  necessary  for 
activity.  The  experiments  given  in  the  previous  section,  as  well  as  those 
to  be  considered  in  connection  with  the  influences  of  various  salt  solutions 
on  the  rate  of  regeneration,  also  furnish  some  evidence  on  the  question  of 
activity  and  rest  as  determining  factors. 

Child  (1904)  has,  in  a  number  of  contributions  upon  the  subject  of  Reg- 
ulation, held  that  activity  exerts  a  marked  influence  upon  the  manner  of 
regeneration.     He  has  also  claimed  that  the  nervous  system  exerts  an  in- 
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direct  influence  over  the  regeneration  rate  through  its  control  of  the  ani- 
mal's movements.  The  experiments  recorded  above,  however,  seem  to 
contrast  (in  a  manner  only  possible  on  some  such  unique  form)  the  effects 


Fia  28.^-RiDg  from  which  disk  center  has  been  cut  away.  A:  so,  sense-organs  cut  away 
^om  upper  half;  from  lower  half  equal-sized  pieces  have  been  removed.  X,  insula- 
tion between  halves.  B:  Stippled  area  shows  rate  of  regeneration  to  be  equal  from 
the  two. 

of  activity  and  rest,  and  the  results  show  in  a  decided  way  the  negative 
influence  of  the  two  conditions.  If  such  facts  apply  to  the  animal  kingdom 
generally,  then  Child's  idea  that  the  regulation  of  growth  is  controlled  by 
these  factors  is  insufficient  to  account  for  the  observed  phenomena. 

THE  RELATIONSHIP  BETWEEN  THE  NUMBER  OF  REMOVED  MOUTH- 
ARMS  AND  THEIR  RATES  OF  REGENERATION.  — DOES  THE  REGEN- 
ERATION RATE  OF  AN  APPENDAGE  VARY  DIRECTLY  WITH  THE 
EXTENT  OF  INJURY? 

The  conclusion  that  the  animal  with  the  greater  number  of  removed 
parts  regenerates  each  part  more  rapidly  than  does  the  one  with  the  lesser 
number  of  removed  parts  was  suggested  by  Zeleny  (1903,  1905)  and  sup- 
ported by  his  studies  on  several  forms.  He  (1903)  found  in  Ophioglypha, 
the  brittle-star,  that  when  three  or  four  of  the  arms  were  removed  from 
an  individual  each  arm  would  regenerate  faster  than  would  the  arms  of  an 
individual  with  a  smaller  number  removed.  The  difference  in  rate  was 
sufficient  to  be  shown  in  his  text-figures  (1905,  fig.  4).  The  arms  of  this 
star-fish  are  all  similar  in  size  and  form,  and  thus  the  regenerating  bud 
from  the  base  of  any  one  may  be  compared  with  that  from  the  base  of  any 
other.  Such  an  animal  also  regenerates  the  arm-buds  by  a  process  of 
continuous  growth.  No  criticism  that  I  know  of  can  be  cited  against  these 
observations  on  Ophioglypha  nor  against  Zeleny's  conclusion  that  in  this 
species  at  least  the  rate  of  r^eneration  is  fastest  in  the  series  which  has 
undergone  the  greatest  injury,  except  possibly  the  objection  that  the  series 
consisted  of  too  few  individuals.  It  may  be  that  while  in  one  group  of 
animals  results  similar  to  Zeleny's  would  obtain,  in  another  different  results 
might  follow.    This  can  only  be  ascertained  by  further  observations. 

It  will  be  shown  below,  from  a  study  of  several  series  of  Cassiopea, 
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in  which  all  of  the  mouth-arms  are,  likewise,  almost  similar  in  size  and  form 
and  regenerate  by  a  process  of  continuous  growth,  that  wide  variations 
are  presented  in  the  rate  of  regeneration  of  the  several  arms.  The 
series  with  a  few  removed  arms  may  regenerate  each  arm  as  rapidly  as  do 
those  with  a  greater  number  of  removed  arms.  An  individual  with  several 
arms  cut  away  often  shows  as  great  variation  in  the  r^enerating  rates 
of  the  different  anns  as  is  found  on  comparing  the  average  rates  of  indi- 
viduals with  few  and  many  arms  removed.  Here  it  may  be  emphasized 
that  the  variation  in  regeneration  rates  of  the  several  arms  of  one  and  the 
same  individual  (a  variation  shown  to  exist  only  slightly  in  most  of  Zeleny's 
tables,  but  which  is  very  striking  in  some  of  mine)  is  an  index  to  the 
dangers  which  arise  when  one  compares  the  average  rates  of  regeneration 
found  in  several  different  individuals.  Miss  King  ( 1898)  also  states  in  her 
study  of  regeneration  in  Asterias  that  "  the  rate  of  growth  of  the  new  arms 
is  ordinarily  unequal  when  a  disk  regenerates  two  or  more  at  the  same  time." 
Zeleny  has  studied  three  forms  of  decapod  Crustacea — Gelasimus,  Alpheus, 
and  Cambarus,  the  crayfish.  He  realized  that  so  few  individuals  of  Gela- 
simus and  Alpheus  were  available  for  final  comparison  that  it  was  unsafe 
to  draw  general  conclusions.  In  these  two  forms  the  chelae  are  of  unequal 
size  and  in  Alpheus  they  undergo  a  reversal  upon  removal  of  the  larger 
one.  (See  Prizibram,  1901,  and  Wilson,  1903.)  Zeleny  cites  such  facts  as 
introducing  complications  in  this  study.  The  crayfish,  Cambarus,  has 
the  two  chelae  of  equal  size  and  for  other  reasons  also  is  better  suited  to 
regeneration  experiments.  After  a  careful  study  of  yy  individuals,  61  of 
which  were  available  for  the  final  comparison,  Zeleny  concludes : 

That  in  the  scries  with  the  greater  degree  of  injury  each  chela  regenerates  more 
rapidly  than  the  single  removed  chela  of  the  series  with  the  lesser  degree  of  injury. 
Likewise  [and  this  is  the  point  that  I  shall  attempt  to  show  the  importance  of  in 
interpreting  Zelen/s  experiments]  the  members  of  the  series  with  the  greater  injury 
molt  more  rapidly  than  those  of  the  series  with  the  lesser  injury. 

This  work  on  the  Crustacea  seems  to  me  to  be  open  to  criticism.  Such 
animals  must  molt  before  the  regenerating  bud  is  observed.  The  time 
elapsing  between  the  operation  and  the  first  molt  varied  from  27  to  181 
days,  and  according  to  Zeleny,  "the  amount  of  regeneration  of  the  right 
chela  at  the  end  of  the  first  molt  is  the  same,  no  matter  what  the  degree 
of  injury  may  be."  Further,  "  The  specific  amount  of  regeneration  at 
the  end  of  the  first  molt  after  the  operation  is  a  constant  which  is  not 
affected  by  the  time  of  the  molt,  the  size  of  the  animal,  or  the  degree  of 
other  injuries  to  the  individual."  It  seems  almost  inconceivable  that  one 
animal  should  thus  require  nearly  seven  times  as  long  to  regenerate  a  bud 
of  a  given  length  as  was  necessary  for  another  to  grow  a  similar  bud. 

Zeleny  now  takes  this  "constant"  (specific  amount  of  regeneration  at 
the  end  of  the  first  molt)  and  divides  it  by  the  number  of  days  between 
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the  time  of  operation  and  the  first  molt  and  considers  the  quotient  as  the 
"  specific  rate  of  regeneration  per  unit  of  thoracic  length  per  day."  As 
quoted  above,  "  the  members  of  the  series  with  the  greater  injury  molt  more 
rapidly  than  those  of  the  series  with  the  lesser  injury."  Thus  it  clearly 
follows  that  any  "  constant "  divided  by  fewer  days  (a  smaller  number) 
will  give  a  greater  quotient  (specific  rate  of  regeneration  per  day)  than 
the  same  "  constant "  divided  by  a  greater  number  of  days.  The  calcu- 
lations included  in  Zeleny's  tables  6  and  7  (1905)  then,  to  my  mind,  fail 
to  show  that  the  greater  degree  of  injury  causes  a  faster  regeneration,  but 
merely  that  those  most  injured  molt  sooner  after  the  operation;  and  since 
all  r^enerate  the  same  specific  amount  at  the  end  of  the  first  molt  re- 
gardless of  the  time,  of  course  the  ones  molting  soonest  will  appear  to  grow 
that  specific  amount  quickest. 

A  more  plausible  line  of  reasoning  would  seem  to  be  the  following: 
Since  all  have  the  same  specific  amount  of  regeneration  after  the  first 
molt,  whether  it  takes  27  or  181  days  for  the  molt  to  occur,  this  specific 
amount  probably  begins  to  be  formed  soon  after  the  operation  and  con- 
tinues until  it  is  prevented  by  the  chitinous  covering  of  the  crayfish,  just  as 
the  animal's  increase  in  body-size  is  always  checked  by  the  amount  of 
expansion  possible  within  its  inflexible  case.  When  the  growth  is  so  checked 
it  must  stop  and  remain  quiescent  until  the  molt  occurs.  The  full  amount 
of  growth  may  be  attained  in  10,  20,  or  30  days — no  one  can  say — but 
after  it  is  once  attained  all  succeeding  days  until  the  molt  occurs  are  not 
days  of  growth  at  all,  but  merely  a  quiescent  period.  That  some  such 
process  as  this  is  followed  is  strongly  suggested  by  the  fact  that  the  specific 
amount  of  regeneration  is  a  "  constant ''  for  all  at  the  time  of  the  first  molt. 

It  is  not  at  all  certain,  then,  that  the  regeneration  is  continuous  through- 
out the  period  elapsing  between  molts ;  therefore,  one  is  in  error  to  divide 
the  specific  amount  of  regeneration,  a  "  constant,"  by  the  niunber  of  days 
between  molts  and  to  consider  the  quotient  obtained  as  the  specific  rate 
of  regeneration  per  day.  The  columns  of  specific  rates  in  Zeleny's  tables 
6  and  7  mean  nothing,  unless  it  can  be  proven  that  the  regeneration  is 
continuous  during  all  of  the  27  or  181  days,  and  since  the  columns  of  specific 
amounts  show  this  element  to  be  practically  constant  it  seems  likely  that 
all  of  the  individuals  regenerate  as  much  as  possible  soon  after  the  opera- 
tion and  then  the  process  stops  until  the  molt  occurs. 

To  further  illustrate  the  insufficiency  of  such  a  method  of  calculation 
we  may  consider  the  line  of  averages  at  the  foot  of  Zeleny*s  table  6.  The 
specific  amount  of  regeneration  for  series  A  averages  0.444  and  for  series 
B  (the  ones  with  greater  injury)  0.435  (practically  equal),  while  the 
average  specific  rate  of  regeneration  for  A  is  0.0049,  and  for  B  almost 
twice  as  much,  0.008.  The  columns  including  the  number  of  days  before 
the  molts  are  not  averaged,  but  if  one  will  make  the  calculation  for  the  14 
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cases  in  series  A,  he  will  find  the  average  period  before  molting  to  be  9743 
days,  while  for  the  13  individuals  of  series  B  it  is  only  60.77  days.  If  now 
the  average  molting  period  of  series  A  be  multiplied  by  its  specific  rate  of 
regeneration,  we  have  97.43X0.0049  =  0.4774,  and  a  similar  calculation 
for  series  B  gives  60.77X0.008  =  0.4861.  The  two  products  differ  but 
slightly.  Thus  the  average  specific  rates  of  regeneration  for  the  two  series 
are  to  one  another  as- the  average  times  between  the  operation  and  the  first 
molts.  The  average  line  of  Zeleny's  table  7  gives  a  similar  result  (0.42=3 
0.633),  but  not  so  close  as  the  above,  where  the  two  series  have  almost  the 
same  number  of  individuals,  13  and  14;  in  Zeleny's  table  7  series  A  contains 
14  and  B  20  individuals.  The  only  legitimate  conclusion  to  be  drawn  from 
such  figures  seems  to  be  that  Catnbarus  regenerates  a  given  amount  (the 
specific  amount  of  regeneration)  and  stops  until  a  molt  occurs;  if  the 
molt  comes  early,  then  the  animal  has  an  opportunity  to  continue  its  re- 
generation :  and  so  it  may  be  said  that  a  crayfish  which  molts  oftener  will 
regenerate  a  limb  sooner  than  one  molting  less  often.  Thus  if  greater  in- 
jury causes  the  crayfish  to  molt  more  promptly,  they  grow  a  limb  sooner 
merely  on  account  of  having  more  opportunity  to  grow,  as  the  result  of 
frequent  molts,  but  whether  the  specific  rate  of  regeneration  is  more  in  those 
with  the  greater  degree  of  injury  is  not  definitely  shown. 

Zeleny  states :  "  The  more  rapid  regeneration  of  the  limbs  may  be  the 
cause  of  the  acceleration  of  the  molting,  or  the  opposite  may  be  the  case, 
or  finally  the  two  phenomena  may  be  coordinate  and  only  indirectly  re- 
lated." In  the  crayfish  it  seems  that  the  greater  injury  is  accompanied 
by  more  rapid  molts,  but  I  see  no  proof  that  the  latter  response  results 
from  a  more  rapid  regeneration.  It  may  be  due  to  the  regeneration  taking 
place  from  a  greater  area.^ 

Of  special  interest  in  this  connection  are  the  results  of  Emmel  (1907) 
on  the  lobster.  Only  an  abstract  of  Dr.  Emmel's  paper  has  yet  been  pub- 
lished. He  has  written  me,  however,  that  the  specific  amount  of  regenera- 
tion at  the  time  of  the  first  molt  was  fairly  constant,  and  this  is  the  im- 
portant point  for  comparison  with  Zeleny's  results.  Emmel  found  that 
those  individtials  with  the  greater  degree  of  injury  molted  slower,  while 
those  less  injured  molted  faster.  The  response  is  opposite  to  that  of  the 
cra)rfish.  The  significant  point  is  his  conclusion  that  the  rate  of  regenera- 
tion was  slower  in  the  more  injured  series  and  faster  in  those  less  injured — 
again  an  opposite  conclusion  from  that  of  Zeleny. 

If  Emmel's  observations  that  the  lobsters  most  injured  molt  slower 
than  those  less  injured  is  correct,  then  his  second  conclusion  of  slower  re- 
generation from  those  most  injured  is  clear.  In  the  lobster,  as  in  the 
crayfish,  the  regenerating  bud  grows  as  long  as  possible  and  then  is  pre- 

*  Emmel  (1906)  has  shown  that  it  is  the  process  of  regeneration  itself  which  affects 
the  rate  of  molting  in  the  lobster. 
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vented  from  going  further  by  the  hard  chitinous  shell;  this  amount  of 
growth  (specific  amount  of  regeneration)  may  very  probably  be  attained 
some  time  before  the  ecdysis.  Now,  if  we  follow  Zeleny's  method  of  first 
calculating  the  specific  amount  of  regeneration  and  then  dividing  this  by 
the  number  of  days  elapsing  between  the  operation  and  the  molt,  we  get 
a  slow  rate  of  regeneration  for  those  most  injured,  since  they  molt  slower 
and  give  a  larger  number  of  days  as  a  divisor  with  the  specific  amotmt 
of  regeneration  as  a  constant  dividend.  With  such  a  method  of  calcu- 
lation it  is  not  a  question  of  regeneration  rate  at  all,  but  merely  a  considera- 
tion of  the  molting  period.  Emmel  states  that  the  later  the  mutilation 
is  made  in  the  molting  cycle  the  more  rapid  is  the  rate  of  ensuing  re- 
generation. This  suggests  that  the  regenerating  bud  may  grow  to  its  limit 
within  the  encasing  wall  in  a  very  short  time,  and  when  the  molt  is  long 
postponed  it  must  remain  quiescent  for  a  long  period. 

I  have  entered  into  this  somewhat  detailed  criticism  of  the  work  on 
Crustacea,  since  it  seems  to  me  that  in  considering  the  rate  of  regenera- 
tion one  finds  himself  on  rather  uncertain  grounds  when  using  an  animal 
on  which  the  continuous  growth  of  the  regenerating  part  can  not  be  ob- 
served. On  the  other  hand,  Cassiopea  is  well  suited  to  such  study,  since 
all  of  its  eight  mouth-arms  are  similar  and  the  regenerating  buds  from 
the  stumps  of  the  arms  grow  continuously  and  may  be  constantly  ob- 
served and  measured. 

Sixteen  healthy  individuals  were  selected  and  their  disks  carefully 
measured.  They  were  arranged  in  eight  series  of  two  individuals  each,  hav- 
ing one  mouth-arm  removed  from  each  of  the  first  pair,  two  arms  from  the 
second,  and  so  on  to  the  seventh  pair,  where  seven  mouth-arms  were  removed 
from  each.  The  eighth  pair  had  four  alternate  arms  removed.  After  4 
days  none  showed  any  marked  indications  of  regenerating  buds.  Two  weeks 
after  the  operation  distinct  buds  were  regenerating  from  the  cut  arm-stumps, 
though  at  this  time  it  was  almost  impossible  to  determine  whether  there  was 
any  difference  in  rate.     Later,  however,  differences  in  rate  became  evident. 

By  referring  to  table  2  comparisons  may  be  readily  made  between  the  av- 
erage specific  amounts  of  regeneration  from  those  medusae  with  a  few  mouth- 
arms  removed  and  those  with  many.  The  first  column  indicates  the  num- 
ber of  arms  removed  from  the  individual;  the  next  column  gives  the 
diameter  of  each  disk  at  the  time  of  the  operation ;  the  third  column  gives 
the  specific  amounts  of  regeneration  for  the  medusae  20  days  after  the 
operation.  This  specific  amount  of  regeneration  is  the  quotient  obtained 
when  the  average  length  of  the  regenerating  buds  from  the  stumps  of  the 
several  arms  is  divided  by  the  aboral  diameter  of  the  medusa  disk.  The 
fourth,  sixth,  and  eighth  columns  show  the  diameters  of  the  medusae 
at  intervals  during  the  experiment.    It  will  be  noted  that  the  animals  were 
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gradually  decreasing  in  size,  probably  due  to  an  insufficient  food  supply. 
It  should  be  recalled,  however,  that  Morgan  has  shown  for  a  number  of 
forms  that  starvation  or  lack  of  food  does  not  affect  the  rate  of  differentia- 
tion in  the  regenerating  processes.  Further,  all  animals  in  my  experi- 
ments were  under  identical  conditions,  so  that  they  are  to  be  compared 
without  r^ard  to  food  supply.  The  fifth,  seventh,  and  ninth  columns 
give  the  specific  amounts  of  regeneration  at  the  times  indicated.  In  these 
tables  it  is  unnecessary  to  calculate  a  specific  rate  of  r^eneration  per  day, 
since  the  growth  was  continuous  and  each  column  of  specific  amounts  is 
given  for  a  certain  number  of  days ;  obviously  the  specific  amounts  divided 
by  the  same  number  of  days  are  to  one  another  as  their  quotients  would 
be.  Thus  the  first  column  of  specific  amounts  not  only  indicates  the 
specific  amounts  of  regeneration  for  each  individual  up  to  that  time,  but 
also  the  relative  rates  of  growth  during  the  20  days. 

At  20  days  after  the  operation  one  individual  with  only  one  mouth- 
arm  removed  and  both  medusae  with  two  arms  removed  have  r^enerated 
faster  than  any  of  those  with  four  or  five  removed  arms.  The  ones  having 
lost  six  and  seven  arms  show  faster  regeneration  than  any  others  of  the 
series.  These  four  medusae  are,  however,  the  smallest  individuals,  and 
young  small  medusae  usually  regenerate  faster  than  larger  ones',  even  under 
the  same  conditions.  The  medusae  with  four  alternate  arms  removed  are 
going  at  about  the  same  rate  as  the  two  above  with  four  adjacently  cut 
arms.  All  medusae  in  the  table,  with  the  exception  of  the  last  two,  had 
consecutive  or  adjacent  arms  removed. 

After  23  days  the  medusae  have  decreased  somewhat  in  size,  as  is 
shown  by  comparing  the  second  and  fourth  columns.  At  this  t|me,  July 
6,  the  fifth  column,  specific  amount,  shows  a  sudden  jump  when  com- 
pared with  the  third  column.  This  is  not  an  actual  jump  occurring  within 
the  three  days'  time  between  the  calculations,  but  is  only  apparent,  since 
the  specific  amounts  after  20  days  were  calculated  on  the  basis  of  the 
original  diameters  of  the  medusae  and  the  calculations  at  23  days  are  made 
on  the  diameters  at  this  time.^  The  two  columns  are  not  to  be  compared. 
The  other  columns  to  the  right  are  open  to  comparison,  since  the  diameters 
were  remeasured  each  time.  The  specific  rates  of  regeneration  for  the 
individuals  with  one,  two,  and  three  arms  removed  are  about  the  same. 
Those  with  four  removed  arms  have  a  slight  advantage  over  those  having 
lost  five  arms;  it  must  be  mentioned,  however,  that  one  individual  with 
five  arms  removed  has  failed  to  produce  a  bud  from  one  stump  and  conse- 
quently its  average  regeneration  is  abnormally  low.  Again  the  ones  with  seven 
cut  arms  are  regenerating  fastest  of  all,  and  those  that  lost  six  follow  next. 

On  the  i8th  of  July,  35  days  after  the  operation,  the  r^enerating  buds 

*  Recent  studies  show  that  only  the  original  diameters  are  to  be  used  in  such  cal- 
culations, as  final  diameters  vary  with  different  extents  of  injury. 
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were  all  growing  at  a  healthy  rate,  as  is  readily  seen  by  comparing  the 
specific  amounts  of  regeneration  with  those  of  July  6.  Individuals  with 
two,  three,  four,  and  five  arms  cut  away  are  going  at  similar  rates,  although 
showing  irregular  fluctuations.  A  point  of  some  importance  is  that  there 
is  a  greater  difference  in  regeneration  rates  between  the  two  individuals 
with  three  arms  cut  away  than  between  any  others  of  the  series  having 
lost  from  two  to  five  mouth-arms.  Those  with  six  and  seven  removed 
arms  still  lead  in  the  rate  of  regeneration.  The  two  with  four  alternate  arms 
cut  away  are  going  at  about  the  same  rate  as  the  two  with  four  consecutive 
mouth-arms  removed. 

The  experiment  was  closed  after  38  days,  at  which  time  the  longest 
buds  were  slightly  less  than  9  mm.  in  length.  These  were  produced  by 
the  medusae  in  which  four  and  five  arms  had  been  removed,  which  were 
among  the  largest  individuals  of  the  series.  Those  with  one  and  two  cut 
arms  were  regenerating  at  about  equal  rates.  The  two  individuals  with 
three  removed  arms  showed  a  great  difference  between  their  average  regen- 
eration rates.  Those  with  four  arms  removed  were  regenerating  faster  than 
those  that  had  five  arms  cut  away.  Those  with  six  and  seven  cut  arms 
led  the  series,  but,  as  mentioned  above,  these  were  the  smallest  individuals. 
The  two  with  four  alternate  arms  removed  were  perceptibly  behind  those 
with  the  four  adjacent  ones  cut  away. 

Table  2. — Average  specific  amounts  of  regeneration  from  medusa  with  their  mouth- 
arms  removed. 


June 

«3. 

JuJy  3. 

J 

uly  6. 

Specific 

July  18. 

July  ax. 

No.  of 

Specific 

Specific 

Specific 

Diam- 

amt. of 

Diam- 

amt. of 

Diam- 

amt. of 

Diam- 

amt. of 

removed. 

eter. 

regenen- 

eter. 

regenera- 

eter. 

regenera- 

eter. 

tion. 

tion. 

tion. 

tion. 

I 

3.5 

0.0289 

3.37 

ox>492 

2.87 

0.0869 

2.75 

0.0909 

I 

3.5 

X)357 

2.75 

.0454 

2.37 

JOS26 

2.25 

•^ 

2 

3.25 

.0387 

2.75 

.0567 

2.25 

JCl&^3 

3.19 

.0857 

2 

3^5 

^387 

2.75 

.0426 

2.25 

.0694 

2.19 

X)7I4 

3 

3-37 

^37 

2.56 

XM^ 

2.25 

.1111 

2X£ 

.126 

3 

.037 

2.75 

x>4i8 

2.5 

/>5 

2.37 

X)526 

4 

3*62 

.0344 

3.12 

.0685 

2.5 

.079 

2.62 

.1025 

4 

3.62 

.0344 

2.75 

.056 

2.37 

.1084 

2.37 

.132 

5 

4.12 

.029 

3.5 

.0608 

2.87 

.0956 

3 

.1 

5 

4.12 

J02g 

3.5 

t.0351 

2.69 

t.0604 

2.87 

t.0652 

6 

2.5 

.052 

2.T9 

.0765 

1.75 

.0997 

1^7 

.1116 

6 

2.5 

.05 

t.93 

.0893 

1.62 

.1346 

1.69 

.1659 

7 

2.25 

.0833 

143 

.1304 

I.16 

.1643 

1.19 

.1583      1 

7 

2 

.0937 

1.60 

X)953 

I^.*) 

.1500 

1.31 

.1664      1 

♦4 

3.5 

.0328 

3.5 

t.0357 

3 

t.0416 

2.93 

t^372 

♦4 

3.5 

.0388 

3.5 

.0625 

3 

^^ 

3 

x>885 

•  Four  alternate  mouth-arms  were  removed,  in  all  others  adjacent  arms  were  cut  away. 
t  No  regeneration  at  all  from  one  arm-stump. 

Table  2,  as  a  whole,  indicates  a  condition  of  individual  variation  and 
fluctuation  in  the  regeneration  rates  rather  than  anything  else.     It  should 
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be  mentioned  that  these  calculations  have  been  made,  according  to  the 
usual  custom,  from  linear  measurements  only,  but  it  must  be  borne  in  mind 
that  the  actual  volume  of  new  tissue  might  oftentimes  be  more  in  a  short 
stocky  bud  than  in  a  longer  slender  one.  Some  of  the  regenerating  arm- 
buds  are  short  and  branching,  while  others  are  long  and  simple  in  structure. 

There  is  no  doubt  that  the  individuals  with  six  and  seven  removed  arms, 
those  of  the  greatest  degree  of  injury,  regenerated  at  a  faster  average  rate 
than  the  other  medusae  of  the  series.  It  should  be  remembered  that  these 
were  the  smallest,  and,  as  a  matter  of  fact,  in  all  of  the  experiments  the 
small  young  medusae  showed  more  ability  to  regenerate  rapidly  than  did 
larger  old  ones.  Unfortunately  this  point  was  not  controlled,  although  in- 
directly it  is  checked  by  a  comparison  with  the  other  members  of  the 
series  which  are  practically  of  a  common  size.  In  the  last  column,  for  in- 
stance, those  medusae  with  three  and  four  removed  arms  are  r^enerating 
at  a  better  rate  than  those  having  lost  five  arms,  and  they  are  also  slightly 
smaller  than  the  latter,  although  they  were  all  of  practically  the  same  size. 

The  objection  to  this  experiment,  which  has  probably  suggested  itself  be- 
fore this  time,  is  that  too  few  individuals  were  employed.  This  objection 
is  not  as  serious  as  it  may  seem  at  first  sight.  If  among  animals  any  such 
general  law  of  regeneration  exists  as  that  the  greater  the  degree  of  injury 
the  faster  the  rate  of  regeneration,  it  should  at  least  manifest  itself  to  an 
evident  degree.  It  is  not  necessary  to  use  more  than  half  as  many  medusae 
to  satisfy  one's  self  that  the  rate  of  degeneration  is  fastest  from  the  middle 
of  a  straight-cut  surface  and  slowest  from  its  outer  corners ;  that  regenera- 
tion is  faster  from  a  level  20  mm.  from  the  disk  margin  than  from  any 
level  less  than  that  distance  from  the  margin ;  that  r^eneration  takes  place 
fastest  from  the  widest  end  of  a  peripheral  bias-cut  strip  of  the  medusa 
disk  and  slowest  from  the  narrow  end  of  the  strip;  or,  that  a  number  of 
other  conditions  will  follow,  depending  upon  the  manner  in  which  the  disk 
is  cut.  These  are  all  facts  in  regeneration,  and  a  number  of  them  are 
shown  by  distantly  related  animals ;  and,  if  the  degree  of  injury  determines 
the  rate  of  regeneration  to  any  significant  extent,  it  seems  to  the  writer 
that  it  should  manifest  this  determination  in  a  more  evident  manner. 

A  serious  objection  to  the  view  of  a  connection  between  the  degree  of 
injury  and  the  rate  of  regeneration  is  the  fact  that  from  a  single  medusa 
the  several  arm-buds  grow  out  at  rates  differing  as  widely  as  the  average 
rates  of  individuals  with  different  degrees  of  injury.  It  is  difficult  to  under- 
stand how  such  a  fact  can  be  reconciled  to  the  degree  of  injury  idea.  When 
one  individual  has  six  arms  cut  away,  each  at  the  same  distance  from  its 
base,  then  it  would  be  expected  that  all  of  the  arms  should  regenerate  at 
almost  the  same  rate,  for  there  is  little  doubt  that  the  degree  of  injury  is 
the  same  in  each  case  and  the  surrounding  conditions  are  as  near  as  pos- 
sible identical,  being  similar  places  on  the  body  of  one  individual. 
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Table  3.—Specific  rates  of  regeneration  from  each  stump  of  two  removed  arms  on 

the  same  individual. 


Individual. 

* { 

» { 

July  6,  as  days. 

July  18. 

July  sx,  38  days. 

DUm- 
eter. 

2.75 

2.75 
2.75 
2.75 

Length 
of  arm- 
buds. 

Specific 
amt.  of 
regenera- 
tion. 

Diam- 
eter. 

2.25 

2.25 
2.25 
2.25 

Length 
of  arm- 
buds. 

Specific 
amt.  of 
regenera- 
tion. 

ox>55S 
.nop 
^555 
.0833 

Diam- 
eter. 

2.187 
2.187 
2.187 
2.187 

Length 
of  arm- 
buds. 

0.125 

.25 

.187 

Specific 
amt.  of 

tion. 

ox>57i 
.1142 
.0571 
.0857 

0.125 
.187 
.115 
.12 

0.0454 
.0681 
^18 
.0436 

ai25 

.25 

.187 

Table  3  gives  the  histories  of  each  arm  in  two  individuals  which  had  had 
two  of  their  mouth-arms  cut  away.  The  individual  A  shows  after  23 
days  a  greater  variation  between  the  rates  of  regeneration  from  its  two 
arm-stumps  than  is  shown  in  table  2  between  the  average  rates  of  all  the 
medusae  with  one,  two,  three,  five,  and  four  (alternate)  arms  removed.  At 
the  thirty-fifth  and  thirty-eighth  days  one  of  the  arms  has  g^own  twice  as 
fast  as  the  other.  The  B  individual  of  table  3  also  shows  a  distinct  dif- 
ference in  regeneration  rates  between  the  two  arms. 

Table  4. — Specific  rate  of  regeneration  from  each  stump  of  four  removed  arms  on 

the  same  individual. 


Diam- 
eter 


July  6,  23  days. 


Length 
of  arm- 
buds. 


0.187 
.188 
.23 

.126 
.136 
.166 
.187 


Specific 
amt.  of 
regenera- 
tion. 


0.06 
.0603 
.0736 
.08 
.0458 
.0496 

x>6o4 
.0681 


July  x«. 


Diam- 
eter. 


2.5 

2.5 

2.5 

2.5 

2.37 

2^7 

2^7 

2.37 


Length 
of  arm- 
buds. 


0.156 
.187 
.196 
.25 
.224 
.241 
.252 
.312 


Specific 

amt.  of 

regfenera- 

tion. 


0.0625 

.0785 
.1 

.OP45 
.1013 
.1062 
.1315 


July  ax,  38  da3rs. 


Diam- 

Length 
of  arm- 

Specific 
amt.  of 

eter. 

buds. 

regenera- 

tion. 

2.62 

0.187 

ao7i4 

2.62 

.264 

.1006 

2.62 

.312 

.119 

2.62 

.312 

.119 

2.37 

.30s 

.1284 

2.37 

.308 

.1297 

2^ 

.311 

.1311 

2.37 

.33 

.1389 

Table  4  gives  the  histories  of  each  of  four  arms  in  two  individuals,  A 
and  B.  Here  again  one  finds  as  much  variation  in  the  regeneration  rates 
as  is  shown  between  the  average  rates  for  individuals  with  diflferent  degrees 
of  injury  in  table  2. 

Table  5  records  the  rates  for  each  of  the  six  regenerating  arms  in  two 
individuals,  A  and  B.  The  individual  A  shows  a  variation  in  rate  of  regen- 
eration between  the  first  two  arms  in  the  table  and  the  last  one  which  is 
greater  than  the  difference  in  average  rates  of  regeneration  between  almost 
any  of  those  variously  injured  medusae  given  in  table  2.  The  individual  B 
of  table  5  also  shows  a  variation  in  the  rates  of  regeneration  from  its  sev- 
eral arm-stumps. 
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Table  $.— Specific  rate  of  regeneration  from  each  stump  of  six  removed  arms  on 

the  same  individual. 


1                July  6,  83  days. 

July  x8. 

July  ax,  38  days. 

Individ 
ual. 

Diam- 

Length 
of  arm- 

Specific 
act.  of 

Diam> 

Length 
of  arm- 

Specific 
amt.  of 

Diam- 

Length 
of  arm- 

Specific 
amt.  of 

1 

eter. 

1 

buds. 

regenera- 
tion. 

eier. 

buds. 

regenera* 

tiOD. 

eter. 

buds. 

tion. 

' 

r  2.187 

0.1249 

ox)57i 

I.7S 

0.125 

0.0714 

'I7 

0.I2S 

0.0666 

2.187 

.1297 

^593 

1.75 

.139 

.0792 

1^7 

.135 

.0718 

i  A 

2.187 

.1875 

^57 

I.7S 

.153 

.0873 

iH? 

.187 

.1 

I      

2.187 

.1875 

.0857 

I.7S 

.187 

.1071 

'•S7 

.253 

.1343 

2.187 

.1875 

.0857 

1.75 

.193 

.1103 

1JJ7 

.262 

.1397 

L,  2.187 

.1875 

^57 

I.7S 

^5 

.1428 

iiJ7 

.313 

.1671 

fi  1.94 

.122 

J0627 

1.63 

.125 

.0769 

iJb9 

.189 

.1121 

1.94 

.167 

J0862 

1.63 

.187 

.1153 

i.6p 

as 

.1481 

B 

!  1.94 

.187 

•0967 

1.63 

.25 

.1537 

liO 

.303 

'^?Pi 

1.94 

.187 

.0967 

1.63 

.25 

.1537 

1A9 

.31 

.1836 

1.94 

.187 

.0967 

1.63 

.25 

.1537 

1.69 

^12 

•^2§' 

Ll  1.94 

.187 

.0967 

1.63 

.25 

.1537 

i^ 

.315 

.1869 

With  such  remarkable  variations  existing  within  the  same  individual 
in  the  regeneration  rates  of  its  arms,  it  is  dangerous  to  draw  conclusions 
from  the  differences  shown  in  rate  of  regeneration  among  the  individuals 
of  a  small  series.  As  pointed  out  above,  the  variations  in  rate  between  pairs 
of  similarly  injured  individuals  in  table  2  are  as  great  as  the  differences  in 
rate  between  two  individuals  which  have  suffered  different  degrees  of 
injury.  It  must  be  recognized,  finally,  that  in  these  medusae  the  individual 
variation  in  regeneration  rates  is  sufficient  to  conceal  a  minor  variation 
which  might  be  due  to  the  degree  of  injury,  did  such  exist. 

These  tables  giving  the  specific  amount  of  regeneration  from  the  arm- 
bases  of  the  same  individual  serve,  at  least,  to  indicate  that  no  deductions 
can  be  made  from  table  2  regarding  the  specific  amounts  of  regeneration 
from  medusae  injured  to  greater  or  less  degrees.  Tables  3,  4,  and  5  indi- 
cate still  further  that  unless  the  diflferences  in  regeneration  rates  among 
animals  injured  to  greater  and  less  degrees  are  constant  and  marked  they 
may  very  likely  be  accidental,  or  else  due  to  the  peculiar  responses  of  that 
given  form  upon  which  the  experiment  was  conducted.  It  is  of  interest 
to  note  that  Scott's  (1907)  study  of  regeneration  in  the  fish's  fin  and  the 
present  data  from  the  medusae  both  indicate  that  the  extent  of  injury  is 
negative  in  its  influence  on  the  rate  of  regeneration.  Zeleny  and  Emmers 
results  on  animals  that  must  molt  in  order  that  the  r^enerating  bud  may 
continue  to  grow  are  due,  I  believe,  to  the  influence  of  the  regenerating 
tissue  on  the  molting  cycle. 
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THE  INFLUENCES  OF  CHANGED  CHEMICAL  CONDITIONS  ON  THE 
RATE  OF  REGENERATION. 

At  present  scarcely  anything  has  been  ascertained  as  to  the  effects  pro- 
duced upon  regenerating  tissues  by  changes  in  their  chemical  environments. 
Loeb  (1904)  found  that  Tubularia  in  a  solution  slightly  below  the  con- 
centration of  sea- water  would  regenerate  more  rapidly  than  in  normal  sea- 
water.  It  was,  also  necessary  to  have  the  solution  slightly  alkaline,  in 
order  to  obtain  a  maximum  growth.  Loeb  also  made  some  observations 
on  the  influence  of  the  oxygen  supply  and  found,  as  in  the  case  of  embry- 
onic growth,  that  an  insufficient  amount  of  oxygen  retarded  the  rate  of 
regeneration.  A  series  of  experiments  that  I  (1906,  19070^,  1907&)  have 
conducted  on  the  developing  fish  egg  has  shown  that  although  in  a  new 
medium  the  embryo  may  often  develop  to  all  appearances  in  a  normal  manner, 
yet  its  rate  of  growth  is  usually  affected. 

In  the  following  experiments  the  four  elements  Na,  K,  Ca,  and  Mg 
were  employed,  as  they  seem  so  essential  to  marine  life,  and  also  form  a 
group,  as  it  were,  the  members  of  which  act  against  one  another  or  fit 
together  in  ways  so  as  to  produce  a  favorable  balance  for  the  maintenance 
of  life-processes. 

Mayer  has  performed  a  number  of  most  instructive  experiments  illus- 
trating the  influences  of  these  elements  upon  the  rhythmical  pulsations  of 
Cassiopea,  He  found  that  sodium  stimulates  slightly  the  muscular  activity 
and  that  it  is  "  the  chief  stimulant  of  sea-water.''  A  combination  of  Na, 
K,  and  Ca  is,  however,  a  greater  stimulant.  Magnesium  must  be  present 
in  order  to  hold  such  a  combination  in  check  and  thus  sustain  a  rhythmical 
action.  Normal  medusae  are  but  little  affected  by  an  excess  of  NaQ  in 
sea-water  and  will  pulsate  for  more  than  18  hours  in  sea-water  plus  i  per 
cent  excess  NaCl.  A  1.55  per  cent  excess  of  NaCl  was  found  to  give 
rapid  pulsations  and  to  shrivel  the  medusa  disk.  A  relative  excess  of  K 
and  Ca  retards  pulsation,  even  though  the  actual  amount  of  K  and  Ca  is 
that  contained  in  sea-water.^ 

Potassium  temporarily  stimulates  and  then  retards  pulsation;  in  excess 
it  is  quite  poisonous.  The  disk  comes  to  rest  expanded,  with  the  mouth- 
arms  contracted.  In  a  0.125  per  cent  excess  of  K2SO4  the  rate  of  pulsa- 
tion is  reduced  to  half  the  normal  after  13  hours,  while  1.55  per  cent  excess 
will  stop  the  pulsations  within  4  minutes. 

Calcium  itself  is  not  necessary  for  pulsation,  although  by  its  presence  the 
inhibiting  effect  of  Mg  is  counteracted.  After  one  has  inhibited  pulsation  in 
a  given  manner  it  may  be  restored  in  solutions  lacking  Ca,  showing  that  this 
element  is  unessential  for  rhythmical  contraction.  A  i  per  cent  sea-water 
solution  of  CaCl^  reduces  the  rate  of  pulsation;  recovery  is  immediate  in 
sea-water. 


*  By  sea-water  Mayer  means  Van't  Hoff's  artificial  sea-water  and  the  retardation 
which  he  attributes  to  Ca  and  K  in  this  sentence  may  in  reality  be  due  to  the  smaller 
relative  amount  of  Na  present  in  the  solution. 
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Magnesium  salts  in  sea-water  retard  pulsation  and  reduce  its  rate,  am- 
plitude, and  energy.  The  disk  will  pulsate  at  twice  its  normal  rate  in  sea- 
water  minus  magnesium.  In  a  1.6  per  cent  sea- water  solution  of  MgCla  the 
disk  pulsates  slowly  for  half  an  hour  and  then  stops. 

The  medusae  in  the  following  regeneration  experiments  were  subjected 
to  the  influences  of  sea-water  concentrated  to  two-thirds  and  three-fourths 
of  its  original  volume;  or  to  sea-water  diluted  with  distilled  water,  two 
parts  of  sea-water  to  one  of  distilled  and  one  of  sea-water  to  one  of  dis- 
tilled ;  or  to  sea- water  solutions  of  NaCl^»  ^»  ^,  and^  ;  KQ^»  ^»  ^  and  ^  ; 
CaCl,  ^.  ^,  and  ^  and  MgCl^  ^.  ^,  and  ^.  The  medusae  were  all  cut  as 
shown  in  fig.  29.  The  margin  of  the  removed  piece  included  four  of  the 
peripheral  sense-organs  and  was  made  as  near  as  possible  of  the  same 
proportional  size  in  the  several  medusae.^ 

The  regeneration  of  these  medusae  is  shown 
in  tables  6  and  7,  which  have  been  arranged  from 
two  experiments  run  at  different  times.  In  the 
first  column  of  these  tables  the  solutions  em- 
ployed are  listed;  the  second  and  fifth  columns 
contain  the  diameters  of  the  individuals  at  the 
times  indicated,  the  third  and  sixth  columns  give 
the  exact  amounts  of  regeneration  that  have 
taken  place  in  a  radial  direction  from  the  middle 

of  the  cut  surfaces ;  the  fourth  and  seventh  col-     ^  _ .  ^    .. . 

,  ,  .-  ^  Fig.    29. — Diagram    of    disk 

umns  show  the  specific  amounts  of  regeneration        ^ith  straight  cut  remov- 

from    the    diflferent    individuals.     These    last        >ng  four  of  its  marginal 

amounts  may  be  compared  also  as  specific  rates 

of  regeneration  per  day,  since  all  have  consumed  like  periods  of  time  in  the 

regeneration  process. 

The  rates  of  pulsation  of  the  medusae  disks  were  retarded  in  all  of  the 
solutions  after  the  first  several  hours,  the  retardation  being  more  marked  in 
some  cases  than  in  others.  The  pulsations  were  always,  however,  slower 
than  the  controls. 

The  animals  in  the  sea-water  concentrated  to  two-thirds  its  original 
volume  died  within  two  days.  Those  in  the  three-fourths  concentrated  sea- 
water  were  so  weakened  that  they  showed  no  beginning  of  regeneration 
and  were  placed  in  normal  sea-water  after  the  third  day.  The  diluted  sea- 
water  solutions  also  had  a  decidedly  depressing  effect.    All  medusae  in  such 


' Those  in  table  6  treated  with  KCI  —  and  MgCl» ^  were  small  individuals,  as  indi- 
cated, and  were  cut  in  the  dovetailed  way  shown  in  figure  10.  This  no  doubt  accotmts 
in  part  for  their  apparently  rapid  regeneration,  for  it  will  be  recalled  that  the  deeper 
portion  of  a  cut  of  this  shape  regenerates  at  a  faster  rate  than  a  straight  cut,  such 
as  that  in  figure  29. 
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media  regenerated  at  a  slow  rate  and  threw  out  masses  of  slimy  material,  a 
reaction  commonly  shown  when  this  animal  is  placed  in  disagreeable  sur- 
roundings. It  is  recognized  that  the  concentration  and  dilution  of  these  sea- 
water  preparations  are  very  great  and  with  slight  concentration  or  dilution 
such  injurious  effects  might  by  no  means  follow.  The  one  object  of  the 
powerful  solutions  was  to  ascertain  whether  this  animal  was  very  resistant 
to  changes  in  the  osmotic  pressure  conditions,  and  the  fact  that  they  existed 
in  these  solutions  for  such  long  periods  of  time  indicates  that  they  are  not 
particularly  sensitive  to  osmotic  changes. 

Table  6. — Rates  of  regeneration  in  strange  chemical  environments. 


Solution*. 


July  4.    Experiment  6  day*  old. 


Diameter. 


Control 

Naa-nr.... 

KCl:iV 

KCl^ 

CaCl,^... 

MgCl,  yV... 

MgCl,:^... 

I  MgCl,^... 


July  6. 

diameter. 

Length 
of  new 
tiftsue. 

2.56 

0.2s 

1.75 

"".^3 

0.75 

X)63 

I.3I 

.129 

1.5 

X>31 

1.06 

jd6z 

2.25 

.i%7 

1^7 

.125 

1.19 

.125 

2.75 

.16 

SpedSc 
amt.  ci 


tion. 


oxws 
(t) 

.0357 
t^33 

«9 

tt^588 
X)a33 

1.1052 
x>568 


*  Back  to  sea-water. 

t  Dead. 

i  The  cut  on  this  individual  is  differently  shaped,  see  the  text. 

IThe  CaCla  caused  a  slight  precipitate  to  form  in  the  sea-water  solutions. 
Tetanus,  put  into  sea-water. 
In  sea-water, 
tt  Put  into  sea-water. 

A  close  study  of  the  tables  indicates  that  NaCl  slightly  retards  the 
regeneration  rate,  but  the  weakened  appearance  of  the  disk  in  the  strengths 
of  this  medium  used  suggests  that  the  retardation  is  not  a  direct  eflfect  of 
the  Na,  but  more  probably  due  to  the  animal's  loss  of  tone. 

The  stronger  solutions  of  KCl  also  retard  regeneration.  The  weaker 
solutions,  on  the  other  hand,  seem  to  accelerate  the  process  so  that  the 
specific  amount  of  regeneration  from  individuals  subjected  to  their  action 
is  slightly  greater  than  that  of  the  control  medusae. 

The  medusae  in  the  KCl  solutions  have  their  disks  fully  expanded,  but 
their  mouth-arms  are  contracted  and  balled  up  in  the  center. 

The  CaCla  solutions  produce  a  tendency  toward  tetanic  contractions 
and  in  the  stronger  solutions  the  oral  surface  of  the  disk  is  often  torn  by 
this  violently  contracted  condition.  Mayer  (1906)  has  called  attention 
to  this  effect  of  CaClg  on  Cassiopea.  The  rate  of  regeneration  in  all  of  the 
CaClj  solutions  was  slower  than  normal. 
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In  table  7  the  weaker  MgClj  solutions  seem  to  have  caused  the  regen- 
eration processes  to  proceed  at  a  rate  well  ahead  of  the  control.  In  table  6, 
however,  the  indicated  effect  is  not  so  favorable. 

Table  7. — Rates  of  regeneration  in  strange  chemical  environments. 


Solutions. 

July  19.    Experiment 

9  days  old. 

July  31,  IX  days 

old. 

Diameter. 

Length 
of  new 
tissue. 

Specific 
amt.  of 
regenera- 
tion. 

Diameter. 

Length 
of  new 
tissue. 

Specific 
amt.  of 
regenera- 
tion. 

Control 

2.5 
2.25 

2-44 
3 

2.31 
2.1^ 

ai87 

.125 
^3 
JO31 
.095 

OX37S 
*.0S55 
.0384 
t.0104 
.0405 
^583 
^54 
joisi 
joSSi 
.0645 
.0166 
.074 
X)789 

2.5 

2.28 
244 

3 

244 

2.13 

2.25 

2 

2.25 

1^7 

1.75 

1.69 

2.31 

ai88 
.187 
^3 
.062 
.125 
.13 
.16 
J063 
.16 
.187 

0075? 

Sea- water  concen. } 
Sea. water  diluted} 
Sea-water  dilated  J 

NaafV 

NaairW 

Hobbbbbbb", 

0  0 

NaClTTT 

2.31           1              -T2C 

0  V 

KCItW 

2J0S 
2.12 
1.94 
1^7 
1.69 
2.37 

.031 

.,42 

.125 
JO3I 
.125 
.187 

KClyV 

KCIttt 

Mf?Cl«  JTir .... 

.187    i     .III 

2C          1          .TnRe 

MfirCl.  TK 

MkCLtW 

»w^ 

*  In  normal   sea-water  third  day. 
t  In  sea-water  and  regenerating  very  rapidly. 
t  Medusa  throws  out  dime. 
I  Ceased  to  secrete  the  slime. 
**  Disk  inverted  and  new  tissue  torn  away. 

These  experiments  show,  on  the  whole,  no  marked  indication  of  differ- 
ences in  the  specific  actions  of  the  several  ions  upon  the  rates  of  regenera- 
tion. The  experiments  are  few,  but  even  so  they  indicate  the  very  complex 
nature  of  growth  and  regeneration  processes  which  are  dependent  upon 
so  many  secondary  influences  and  interactions  that  it  will  be  found  difficult 
to  determine  when  an  element  is  producing  a  direct  effect  upon  the  regen- 
eration rate  or  whether  the  effect  is  due  in  some  indirect  way  to  other  con- 
ditions incited  by  the  actions  of  the  chemical  used.  At  any  rate,  there  is 
evident  need  for  an  extensive  and  careful  study  along  these  lines  with  the 
view  of  analyzing,  as  far  as  possible,  the  relationships  between  regenera- 
tion rate  and  definite  osmotic  and  chemical  changes. 
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SUMMARY  AND  CONCLUSIONS. 

I.  When  a  peripheral  ring  of  tissue  is  removed  from  the  disk  of  Cos- 
siopca  the  cut  margin  of  the  disk  promptly  begins  to  regenerate  a  new  rim. 
The  rate  at  which  the  new  tissue  is  formed  depends  upon  the  width  of 
the  removed  ring.  The  wider  the  ring  is  radially,  or,  in  other  words,  the 
nearer  the  cut  is  made  to  the  disk  center,  the  faster  will  the  resulting 
regeneration  take  place.  Cuts  made  deep  into  the  body  of  the  disk  regen- 
erate tissue  which  increases  rapidly  in  radial  width  for  about  ten  or  twelve 
days  and  then  almost  ceases  to  grow  in  width  and  begins  to  thicken  until 
the  new  tissue  is  as  thick  as  the  medusa  disk  at  the  given  level.  The  cut 
periphery  from  which  only  a  narrow  ring  of  tissue  has  been  removed 
regenerates  slowly,  but  almost  continuously,  as  this  portion  of  the  disk 
Is  thin  and  only  a  slight  subsequent  thickening  is  necessary. 

A  small  medusa  regenerates  proportionately  faster  than  a  larger  one. 

These  facts  are  closely  similar  to  those  observed  by  Morgan  on  the 
earthworm,  fish,  and  salamander.  The  result  is  interesting  in  that  it  shows 
that  animals  so  distinctly  different  as  a  medusa  and  a  vertebrate  regenerate 
new  tissues  at  rates  which  differ  with  different  levels  of  the  body,  and  that 
as  in  the  process  of  embryonic  growth  the  nearer  the  normal  body  size  and 
form  is  approached  the  slower  will  be  the  rate  of  regeneration. 

The  disks  cut  nearest  the  center  are  injured  to  the  greatest  degree,  and 
they  might  be  expected  to  regenerate  new  tissue  at  a  faster  rate  than  those 
cut  further  from  the  center  or  less  injured,  if  the  condition  is  parallel  to 
the  removal  of  more  parts.  It  so  happens,  however,  that  the  difference 
in  level  and  the  degree  of  injury  often  coincide.  These  two  factors  were 
contrasted  in  other  experiments,  which  seemed  to  indicate  that  the  level  of 
the  cut  was  the  more  important  in  regulating  the  regeneration  rate  of  the 
new  tissue. 

II.  Cassiopea  regenerates  new  tissue  from  the  wounded  edges  of  straight 
cuts,  and  "  partial  cut  surfaces  "  in  exactly  the  same  manner  as  Morgan 
found  regeneration  to  take  place  from  similar  cuts  made  on  the  fins  of 
fishes.  Such  a  fact  is  of  importance;  first,  since  it  shows  the  same  prin- 
ciples in  regeneration  to  apply  to  the  proliferation  of  new  tissue  from  the 
appendages  and  the  true  body-surface  of  animals.  Second,  it  indicates  that 
a  common  principle  or  law  regulating  the  rates  of  regeneration  from  dif- 
ferent parts  of  variously  shaped  cut  surfaces  runs  through  the  animal 
kingdom,  since  forms  at  almost  opposite  ends  of  the  series,  the  fish  and  the 
medusa,  regenerate  in  the  same  manner. 

The  outer  corners  of  cut  surfaces  seem  to  exert  retarding  influences 
upon  the  rate  of  regeneration  at  all  levels.  At  the  inner  corners  of  "  partial 
cut  surfaces  "  regeneration  proceeds  at  a  faster  rate  than  on  the  straight 
surface.  This  fact  is  probably  due  to  a  summation  of  regeneration  which 
takes  place  from  the  two  sides  forming  the  angle  of  the  inner  corner.  (See 
figs.  i3»  15,  and  17.) 
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III.  Experiments  were  performed  to  test  the  rate  of  regeneration  after 
removal  of  different-sized  pieces  of  oral  epithelium  at  the  same  distance 
from  the  center  and  pieces  of  the  same  size  at  different  distances  from 
the  disk  center.  My  interpretation  of  Morgan's  idea  of  "  pressure "  in 
regeneration  would  lead  one  to  expect  greater  pressure  near  the  center  and, 
therefore,  new  epithelium  should  cover  the  more  central  wounds  of  equal 
size  sooner  than  it  does  those  more  peripherally  located.  The  experiments 
were  not  entirely  satisfactory  on  account  of  a  tendency  of  the  wounds  to 
contract  while  healing  or  regenerating  new  tissue.  Those  nearest  the  disk 
center  seem  to  contract  most,  so  that  the  result  is  difficult  to  interpret.  It 
was  noted,  however,  that  in  the  circular  wounds  the  r^enerating  film  was 
widest  toward  the  disk  center,  as  if  tissue  was  being  proliferated  out  from 
that  direction  at  a  faster  rate  than  from  any  other.    (See  fig.  24.) 

IV.  When  a  medusa  disk  is  cut  so  that  a  strip  wide  at  one  end  and  nar- 
row at  the  other  is  removed  frpm  the  entire  periphery  (fig.  25)  regenera- 
tion will  occur  along  the  cut  edge  of  the  strip  and  also  from  the  cut  margin 
of  the  remaining  disk  center  (figs.  25,  26,  and  27).  In  such  a  preparation 
the  strip  has  had  most  body-tissue  removed  from  its  narrow  end;  also  it 
is  least  injured  at  the  broad  end,  where  least  tissue  has  been  removed.  The 
disk  center  is  most  injured  where  it  was  deepest  cut  or  at  that  place  from 
which  the  wide  end  of  the  strip  came  and  least  injured  on  that  portion  from 
which  the  narrow  end  was  cut. 

The  rate  of  generation  from  the  strip,  which  when  straightened  would 
form  a  long  triangular  body,  is  fastest  at  the  wide  end  and  is  gradually 
slower  as  the  narrow  end  is  reached.  It  is,  therefore,  fastest  from  the  part 
from  which  the  least  tissue  has  been  removed.  The  rate  of  regeneration 
from  the  disk  portion  is  more  rapid  from  the  deep-cut  part  and  becomes 
slower  as  the  cut  approaches  the  region  of  the  former  margin;  therefore, 
the  regeneration  rate  here  is  fastest  from  the  portion  from  which  most  tis- 
sue has  been  removed.  In  both  cases  it  will  be  observed  that  it  is  fastest 
at  the  deepest  or  same  level,  and  slower  as  the  level  nears  the  margin.  It 
is  important  to  note  that  regeneration  in  both  directions — toward  the  periph- 
ery and  toward  the  disk  center — proceeds  at  almost  the  same  rate  from 
the  same  level. 

This  experiment  may  be  interpreted  as  contrasting  the  influences  due  to 
the  degree  of  injury  and  those  exerted  at  different  levels  of  the  animal's 
disk-shaped  body.  The  level  at  which  the  cut  is  made  is  shown  to  be  the 
more  important  factor  of  the  two,  and  if  the  amount  of  injury  exerts  any 
influence  on  the  rate  of  regeneration  it  is  probably  of  secondary  importance. 
One  could  scarcely  claim  that  the  narrow  and  wide  ends  of  the  strip  were 
to  be  compared  with  t^^'o  animals  from  which  many  and  few  appendages 
had  been  removed. 

V.  A  ring  18  or  20  mm.  in  width  or  wider  may  be  cut  from  the  peri- 
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phery  of  a  medusa  disk  and  will  regenerate  from  its  cut  edge  until  the  central 
space  is  grown  over  with  new  tissue.  Such  a  ring  freshly  cut  had  the 
sense-organs  removed  from  half  of  its  periphery,  while  equal-sized  pieces 
of  tissue  between  the  sense-organs  were  removed  from  the  other  half,  thus 
making  the  degree  of  injury  equal  on  the  two  halves.  The  oral  epithelium 
was  then  lightly  scraped  across  between  the  sense-organ  half  and  the  other 
without  sense-organs.  After  the  last  operation  the  first  half  continued  to 
pulsate,  while  the  latter  came  to  rest,  since  the  stimulus  for  pulsation  seems 
to  be  derived  from  the  sense-organs  and  can  not  be  transmitted  across  the 
scraped  epithelium  (see  fig.  28).  This  ring  regenerates  tissue  toward  the 
center  until  the  space  is  covered  over.  The  rate  of  regeneration  from 
the  half  at  rest  and  the  half  in  motion  is  on  comparisons  with  the  controls 
found  to  be  the  same.  The  results  with  this  medusa  show  that  activity  or 
effort  is  not  capable  of  accelerating  the  regeneration  rate,  as  authors  have 
held  to  be  the  case  in  other  animals.  This  is  the  most  decisive  experiment 
that  I  know  of  as  a  direct  test  of  the  influences  of  action  and  rest  on  the 
rate  of  regeneration  from  tissues  under  as  nearly  as  possible  identical  con- 
ditions, being  similar  united  portions  of  one  individual. 

VI.  Medusae  having  one  or  more  of  their  mouth-arms  removed  regen- 
erate these  mouth-arms  at  irregular  rates  which  are  not  closely  associated 
with  the  number  of  arms  cut  away,  or,  in  other  words,  with  the  degree  of 
injury.  Two  medusae,  each  having  three  of  the  eight  mouth-arms  removed, 
may  show  a  greater  difference  between  their  average  specific  rates  of  re- 
generation than  would  be  found  to  exist  among  the  average  specific  rates 
of  regeneration  from  individuals  with  one,  two,  four,  or  five  mouth-arms 
cut  away.  (See  table  2.)  An  individual  from  which  several  mouth-arms 
have  been  removed  in  as  near  as  possible  similar  ways  will  exhibit  as  great 
a  degree  of  variation  among  the  specific  regeneration  rates  of  its  several 
arms  as  will  be  found  to  exist  among  the  average  specific  regeneration 
rates  of  many  individuals,  each  having  had  a  different  number  of  arms  re- 
moved.   (Compare  tables  3,  4,  and  5  with  table  2). 

Cassiopea  is  well  fitted  for  experiments  of  this  nature,  since  the  regen- 
erating buds  of  the  mouth-arms  grow  continuously  and  may  be  measured 
and  compared  at  any  time  during  the  experiments.  It  is  of  advantage  also 
to  have  the  several  mouth-arms  almost  identical  in  size  and  form,  as  a  com- 
parison of  the  regenerative  processes  from  the  individual  arms  of  a  single 
medusa  is  thus  facilitated.  Most  of  the  experimental  investigations  per- 
taining to  the  question  of  the  relation  between  the  degree  of  injury 
and  the  rate  of  regeneration  have  been  conducted  on  crustaceans.  These 
animals  must  molt  before  the  regenerating  bud  can  be  observed,  and  since 
the  length  of  the  molting  period  varies  so  widely  among  the  individuals  the 
true  specific  rate  of  regeneration  is  difficult  to  estimate.  The  regenerating 
bud  very  probably  grows  as  much  as  the  confining  chitinous  covering  will 
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permit,  just  as  the  crustacean's  body  increases  in  size  until  its  inelastic  case 
will  allow  it  to  become  no  larger,  and  must  then  remain  quiescent  until  the 
molting  time  arrives,  which  may  be  weeks  or  even  months  distant  There 
is  also  a  great  individual  difference  between  the  crustacean's  appendages, 
which  renders  difficult  a  comparison  of  the  regeneration  rates  from  the 
diflferent  limb-stumps  of  the  same  specimen.  Cassiopea  is  free  from  such 
objections,  but  it  shows  so  much  variation  in  the  specific  rates  of  regenera- 
tion from  different  individuals  that  it  would  be  difficult  as  well  as  misleading 
to  claim  from  the  data,  now  at  hand,  that  any  relationship  existed  between 
the  degree  of  injury  an  individual  had  sustained  and  its  specific  rate  of 
regeneration. 

VII.  Cassiopea  seems  to  be  resistant  to  slight  changes  in  osmotic  pres- 
sure, as  is  indicated  by  its  condition  in  concentrated  and  diluted  sea-water. 

(a)  Regeneration  from  the  disk  of  Cassiopea  was  slightly  retarded  in 
sea-water  to  which  NaCl  had  been  added.  This  retardation  may  possibly 
be  due  to  the  direct  action  of  the  Na  ion,  although  considering  the  weakened 
condition  of  the  medusse  in  such  solutions  they  might  be  expected  to  regen- 
erate slower  than  the  normal. 

(b)  Strong  solutions  of  KCl  also  retard  the  rate  of  regeneration,  but 
weaker  solutions  seem  to  accelerate  the  process. 

(c)  Solutions  of  CaClj  in  sea-water  have  a  tendency  to  cause  muscular 
tetanus,  the  oral  surface  of  the  disk  often  tearing  as  a  result  of  the  violently 
contracted  condition.  The  rate  of  regeneration  in  all  CaClj  solutions  was 
very  slow,  in  some  scarcely  any  regeneration  taking  place  for  a  number  of  days. 

(d)  Magnesium  chlorid  in  sea-water  solutions  exerts  a  rather  indiffer- 
ent influence  over  the  rate  of  regeneration. 

The  chemical  experiments  show  no  marked  indication  of  a  difference 
in  the  specific  action  of  the  several  ions  upon  the  rate  of  regeneration. 
Even  though  such  a  specific  influence  of  these  ions  does  exist,  it  would  be 
difficult  to  discover,  owing  to  the  complex  nature  of  the  processes  regulat- 
ing growth  and  regeneration.  There  is  evident  need  of  extensive  and 
careful  study  along  these  lines. 
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APPENDIX. 

After  the  present  paper  had  gone  to  press  Dr.  Zeleny  published  the  re- 
suhs  of  a  study  on  the  effect  of  degree  of  injury,  successive  injury,  and 
functional  activity  upon  regeneration  in  the  scyphomedusan  Cassiopea 
xamachana.^  In  this  paper  he  concludes  that  "  removal  of  six  of  the  eight 
oral  arms  constitutes  the  most  favorable  degree  of  injury  for  the  regenera- 
tion of  each  arm,  and  that  from  this  optimum  there  is  a  decrease  in  both 
directions."  The  data,  however,  on  which  this  statement  depends  is  not 
altogether  conclusive.  One  finds  on  studying  his  table  that  the  extremes  of 
variation  in  regenerative  rates  among  similarly  injured  individuals  are  in 
the  large  majority  of  cases  greater  than  the  differences  between  the  average 
specific  amounts  of  regeneration  for  two  groups  of  individuals  injured  to 
different  degrees.  With  such  a  wide  range  of  variability  shown  among 
the  few  individuals  one  is  uncertain  as  to  the  real  significance  of  the  table. 
Nevertheless,  the  data  do  seem  to  show  a  steady  advance  in  specific  rates 
of  regeneration  up  to  a  maximum  where  six  arms  were  removed. 

In  a  general  way  my  results  on  regeneration  of  the  oral  arms  might  also 
be  interpreted,  like  Zeleny's  averages,  to  show  a  gradual  increase  in  regen- 
erative rates  with  an  increase  in  degree  of  injury.  Zeleny  seems  inclined 
to  emphasize  the  importance  of  this  apparent  increase  in  regenerative  rates, 
while  I  believe  the  great  range  of  variability  in  the  regenerative  rates  shown 
by  the  small  number  of  individuals  studied  should  not  be  overlooked  and 
that  it  renders  a  general  conclusion  from  such  observations  very  uncertain. 

Zeleny's  study  of  the  effect  of  the  rhythmical  pulsation  of  the  medusa 
disk  on  the  rate  of  regeneration  may  be  compared  with  my  experiments 
bearing  upon  the  same  subject.  Our  results  agree  and  both  indicate,  con- 
trary to  the  view  of  some  observers,  that  functional  activity  is  n^ative  in 
its  influence  on  the  rate  of  regeneration.  Zeleny  compared  the  regenerat- 
ing margins  and  centers  of  medusae  disks  pulsating  rh)rthmically  with  those 
from  other  medusae  at  rest,  and  found  that  in  four  of  the  six  pairs  of  cases 
the  non-pulsating  individuals  regenerated  faster  than  the  pulsating  ones. 
In  the  fifth  pair  the  two  were  equal,  and  in  the  sixth  the  pulsating  individual 
regenerated  faster. 

The  question  might  arise  whether  in  my  own  experiments  the  influence 
from  the  pulsating  half  may  not  be  conveyed  to  the  resting  half.  Improb- 
able as  is  such  a  view  in  itself,  the  interpretation  is  negatived  by  my  con- 

*  Journal  of  Experimental  Zoology,  v,  2,  pp.  265-274.    1907. 
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trols,  some  of  which,  as  in  Zeleny's  experiments,  consisted  of  an  entire  pul- 
sating ring  and  others  of  the  entire  ring  at  rest. 

The  level  at  which  the  margin  is  removed  determines  the  rate  of  r^en- 
eration  from  the  cut  surface,  and  this  possibility  is  not  mentioned  in 
Zeleny's  account.  It  is  difficult  to  remove  a  marginal  strip  of  exactly  the 
same  proportions  from  several  medusae,  even  when  careful  measurements 
are  made.  Slight  differences  in  the  depths  of  the  cuts  would  easily  account 
for  the  results,  but  since  the  rates  of  regeneration  from  both  the  center  and 
outer  margin  are  considered  by  Zeleny  this  is  in  a  manner  checked.  In 
my  "  ring  preparations  "  described  above,  the  level  of  the  cut  is  controlled 
as  far  a^  possible,  since  the  disk  center  also  forms  the  center  of  the  circular 
mass  of  tissue  that  is  removed.  Thus  the  cut  surface  and  the  disk  peri- 
phery are  concentric  circles;  therefore,  all  places  on  the  cut  surface  are  at 
a  common  level.  My  observations  are  aided  by  the  fact  that  the  pulsa- 
tions were  continuous  throughout  the  experiment,  while  Zeleny's  rhyth- 
mical pulsations  always  stopped  before  the  end  of  his  experiment. 
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INTRODUCTION 

Development  is  the  resultant  of  the  interaction  between  the 
inherent  tendencies  contained  within  the  egg  substance  itself  and 
the  external  conditions  which  surround  and  act  upon  this  sub- 
stance. The  usual  interaction  of  these  factors  gives  rise  to 
normal  animal  forms.  When,  however,  either  factor  is  changed 
an  unusual  form  results;  in  the  one  case  there  arises  a  germinal 
variant,  and  in  the  other  an  anomaly  occurs  as  a  response  to  the 
strange  external  environment.  The  product  of  development,  the 
formed  animal,  is  then  to  a  certain  extent  a  creature  of  its  environ- 
ment. On  the  other  hand  the  importance  of  the  internal  factors 
must  be   recognized  although  modern  experimental  work  often- 
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times  points  in  a  direction  which  would  indicate  that  these  factors 
may  be  largely  modified  in  their  influences  by  the  external  con- 
ditions. 

Most  monstrosities  or  abnormalities  in  development  are  due 
to  the  action  of  external  factors,  either  mechanical,  as  pressure, 
or  chemical.  Mammals,  birds  and  reptiles,  with  their  complex 
embryonic  membranes,  offer  many  opportunities  for  the  produc- 
tion of  secondary  abnormalities  arising  from  unfavorable  mechan- 
ical or  physical  conditions.  Foetal  amputations  and  scars,  mem- 
brane fusions  distorting  facial  development,  and  many  other  such 
deformities  are  in  most  cases  probably  due  to  secondary  influences 
on  development.  Besides  these  there  are  deformities  of  a  dif- 
ferent nature,  such  as  the  excessive  monsters,  monstra  in  excessuy 
in  which  certain  organs  have  over  developed  or  produced  super- 
numerary parts;  and  contrasted  with  them  are  defective  monsters 
which  fail  to  complete  themselves  and  are  therefore  less  than  a 
normal  individual.  It  is  with  this  latter  class,  monstra  in  defectum 
that  the  present  study  is  concerned.  These  defective  individuals 
may  be  grouped  into  two  sub-classes:  first  those  in  which  certain 
organs  fail  to  complete  themselves,  as  in  cleft  palate,  hare-lip, 
arrests  in  the  development  of  the  heart  and  other  parts  of  the 
circulatory  system.  Second,  individuals  in  which  certain  paired 
organs  occur  singly  or  without  mates.  True  Cyclocephali  or 
Cyclops  monsters  find  their  place  in  this  last  group. 

Cyclops  monsters  have  long  been  known  to  occur  in  man  and 
other  mammals  and  are  described  in  many  of  the  earliest  medical 
works.  In  these  beings  the  one  eye  is  in  the  middle  line  of  the 
face  and  often  shows  external  evidence  of  a  double  composition. 
The  nose  which  normally  arises  above  the  eyes  and  grows  down 
between  them  as  the  face  develops  is  here  mechanically  prevented 
from  descending  by  the  presence  of  the  median  eye  in  its  path. 
The  foetus,  therefore,  has  a  proboscis-like  nose  above  the  eye. 
The  brain  and  other  parts  of  the  body  are  sometimes  deformed 
though  they  may  be  normal. 

Among  the  lower  vertebrates  true  cyclops  monsters  have  been 
recorded  by  Spemann  ('04)  as  resulting  from  mechanical  injuries 
to  the  e<>;gs  of  the    amphibian,  Triton   txniatus.      These    mon- 
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sters  were  double-headed  with  one  or  both  heads  showing  the 
q^clopean  defect  and  were  not  of  the  usual  single  cyclopean 
type  found  in  man  and  other  mammals. 

Two  years  ago  (1907)  I  carried  out  experiments  in  which  I  was 
able  to  produce  typical  single  cyclopean  fish.  This  was  the  first 
record  of  the  occurrence  of  cyclopia  among  fishes.  It  is  also 
the  first  case  of  consistently  producing  vertebrate  monsters  such 
as  are  known  in  nature  by  changing  the  chemical  environment 
in  which  the  eggs  develop.  These  embryos  are  in  main  details 
similar  to  the  mammalian  cyclops,  having  a  single  median  eye 
and  anteriorly  placed  double  nasal  pits. 

The  monsters  were  produced  by  allowing  the  eggs  to  develop  in 
sea-water  in  which  there  was  an  excess  of  MgClj.  Cyclopia 
occurred  in  a  large  percentage  (at  times  50  per  cent)  of  the 
embryos.  The  discovery  was  made  so  late  in  the  spawning 
season  that  it  was  impossible  to  investigate  the  details  of  the 
cyclopean  defect  or  rear  the  embryos  to  hatching  in  order  to 
observe  their  ability  to  swim  or  to  see.  The  method  of  produc- 
tion, however,  offered  such  an  exceptional  opportunity  to  obtain 
abundant  material  for  studying  all  stages  of  development  and 
degrees  of  cyclopia  that  this  more  extended  survey  was  under- 
taken. 

The  following  account  includes  a  comparative  study  of  cyclopean 
embryos  from  the  earliest  appearance  of  the  optic  vesicle  to  the 
perfectly  formed  free-swimming  fish  with  a  functional  cyclopean 
eye. 

The  experiments  were  conducted  in  the  Marine  Biological 
Laboratory  at  Woods  Holl,  Mass.,  during  the  past  summer,  while 
occupying  one  of  the  rooms  of  the  Wistar  Institute. 

MATERIAL    AND    METHOD. 

As  in  my  previous  experiments,  the  eggs  used  were  those  of  the 
teleost  fish,  Fundulus  heteroclitus. 

The  method  of  producing  the  defect  was  much  the  same  as  that 
previously  employed  although  expanded  and  modified  in  many 
ways.     During  the  early  part  of  the  season  it  was  difficult  to  find 
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solutions  of  the  proper  strengths  and  the  eggs  were  either  killed  or 
unaffected.  After  a  few  experiments,  however,  a  strength  of 
MgClj  in  sea-water  was  found  that  gave  a  large  percentage  of 
cyclopia,  in  many  cases  again  causing  50  per  cent  of  the  eggs  to 
form  such  individuals.  This  was  a  ^  M  solution  prepared  as 
follows:  19  cc.  of  a  molecular  solution  of  MgClj  in  distilled  water 
was  added  to  41  cc.  of  sea-water.  This  is  not  then  an  actual 
^  M  MgClj  solution  but  it  is  \^  parts  molecular  MgClj.  Mak- 
ing the  solution  in  this  way  adds  to  the  sea-water,  water  lacking 
all  of  its  constituents  except  the  Mg  and  thus  increases  in  a  greater 
proportion  the  excess  of  Mg  present. 

Cyclopia  occurred  in  a  series  of  similarly  prepared  solutions 
ranging  as  follows:  \^  m,  \l  m,  |«  m,  |»  m,  f^  m,  |^  m  and  f|  m 
MgClj.  A  point  of  importance  is  that  the  proportion  of  cyclops 
embryos  produced  gradually  rises  in  this  series  up  to  the  ^  M 
solution  and  then  falls  off  again.  To  illustrate  concretely,  in 
Experiment  VII  the  |f  m  solution  caused  12  per  cent  of  the  eggs 
to  form  Cyclopean  embryos,  the  \l  M  gave  30  per  cent,  the  ||  M 
22  per  cent,  while  \%  u  gave  50  per  cent  with  the  cyclopean  defect. 
Continuing  the  series,  the  |^  m  falls  off  to  30  per  cent  and  the 
1^  M  gives  23  per  cent,  while  in  the  H  u  no  cyclopia  occurred  and 
the  eggs  were  all  killed.  It  must  be  born  in  mind  that  these 
percentages  are  for  the  eggs  that  formed  embryos  and  not  for 
the  total  number  of  eggs  first  put  into  the  solution.  The  peculiar 
fact  is,  that  in  a  series  of  MgCl2  solutions  we  reach  a  place  where 
a  maximum  number  of  cyclopean  embryos  occur  and  in  strengths 
both  weaker  and  stronger  than  this  the  number  of  cyclopean 
individuals  is  less.  If  the  defect  is  due  to  osmotic  pressure,  we 
should  not  expect  a  greater  pressure  to  bring  about  a  more  normal 
development.  If  the  action  is  chemical,  we  do  not  usually  reach 
a  chemically  effective  dose  and  find  that  a  greater  dose  is  less 
effective.  It  might  be  argued  that  below  the  point  of  maximum 
occurrence  of  the  cyclopean  defect,  the  solutions  are  insufficient 
to  effect  any  but  the  weaker  embryos,  so  that  a  small  number  of 
cyclops  appear;  above  this  point  the  solutions  are  so  strong  that 
all  except  the  hardiest  embryos  die  in  early  stages  and  those  sur- 
viving are  so  resistant  that  only  a  few  give  the  cyclopean  defect. 
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At  the  maximum  point  the  normal  or  ordinary  individuals,  which 
predominate,  would  be  affected,  and  here  the  greatest  number  of 
Cyclopean  embryos  occur. 

As  I  previously  mentioned,  the  MgCl2  is  found  to  be  rather 
toxic  to  these  eggs  during  the  earlier  stages  of  development.  Many 
die  at  this  time,  but  in  the  medium  strength  solutions  70  to  80 
per  cent  live  and  form  embryos  and  in  the  weaker  solutions  often 
more  than  90  per  cent  live.  After  the  early  embryo  is  formed, 
however,  the  high  death  rate  falls  and  a  dead  embryo  is  of  rare 
occurrence  in  any  of  the  solutions.  Many  embryos  were  kept 
in  the  solutions  thirty  days  and  some  hatched  in  strengths  as  strong 
as  |8  M.  If,  on  the  other  hand,  the  eggs  are  removed  from  the 
solutions  when  sixty  or  seventy  hours  old,  when  the  cyclopean 
condition  is  readily  distinguishable,  and  placed  in  sea-water 
they  grow  much  better  and  many  hatch  normally.  Some  of  the 
cyclopean  fish  came  out  on  the  twelfth  day  after  fertilization, 
though  usually  they  were  much  slower  in  emerging.  The  control 
embryos  hatch  in  from  eleven  to  twenty  days,  depending  chiefly 
upon  the  temperature. 

Solutions  of  MgCl^  in  Distilled  Water 

Distilled  water  solutions  of  MgClj  of  several  strengths;  \%  M, 
\^  M,  \l  M,  If  M,  ^1  M  and  If  M  were  not  effective.  The  eggs 
either  died  during  early  stages  or  developed  into  embryos  with 
two  normal  eyes.  I  had  found  (1906)  that  salts  of  lithium  induce 
the  same  typical  defects  in  Fundulus  eggs  in  both  sea-water  and 
distilled  water  solutions.  Such  solutions  have  opposite  conditions 
of  pressure,  being  in  one  case  hypertonic  and  in  the  other  hypo- 
tonic and  thus  remove  all  question  of  osmotic  effects  as  a  cause. 
It  was  hoped  that  Mg  might  also  act  in  the  two  solutions  which 
would  have  made  it  certain  that  the  direct  action  of  the  magnesium 
ion  is  responsible  for  the  cyclopean  condition  of  these  embryos. 
The  problem  of  cyclopean  formation  seems,  however,  to  be  more 
complex.  It  involves  the  action  of  magnesium  in  the  presence 
of  certain  or  all  of  the  sea-water  salts. 
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Solutions  of  MgSO^  and  Mg{N0^2  i^  Sea-water 

Sea-water  solutions  of  MgSO^  prepared  in  a  similar  manner 
to  the  MgQ2  solutions  above  were  employed.  The  following 
strengths  J  m,  ^  m,  ^f  m,  |f  m,  i^  m,  ^  m,  f{^  m,  fj  m,  ||  m, 
1^  M,  14  M,  and  IJ  M  were  ineffective,  the  eggs  in  these  solutions 
developing  normally  with  very  few  deaths  at  any  stage. 

Mg(N03)3  solutions  in  sea-water  caused  typical  cyclopia  indis- 
tinguishable in  all  respects  from  that  produced  in  MgCl,.  The 
following  strengths  were  used:  i|  M,  \^  M,  \^  m,  ||  M,  |^  M, 
If  M,  II  M,  and  II  M.  These  Mg(N08),  solutions  also  killed 
many  embryos  during  the  early  stages  of  development.  Cyclopia 
occurred  in  from  4  per  cent  to  40  per  cent  of  the  eggs  in  ||  m, 
II  M,  II  M,  II  M,  and  II  M.  These  strengths  are  comparable  to 
those  most  effective  for  MgClj^both  as  to  the  amount  of  magnesium 
present  and  as  to  osmotic  pressure. 

Mixtures  ofMgCl,  +  NaCl;  MgSO,  +  NaCl;  and  Mg  (NO,),  + 

NaCl 

Mixtures  of  MgCl,  and  NaCl  were  added  to  sea-water  as  fol- 
lows: 12  cc.  of  a  molecular  solution  of  MgClj  was  added  to  12  cc. 
of  NaCl,  and  36  cc.  of  sea-water  was  then  taken  to  make  the 
entire  quantity  up  to  60  cc.  This  solution  will  be  spoken  of  as 
I  M  +  I  M,  the  first  term  referring  to  the  MgCl,  present  and  the 
second  to  the  NaCl.  On  this  basis  the  following  mixtures  were 
used :  I  M  -f  |  m,  |  m  -f  |  m,  f^  m  -f  |  m,  ^  m  -f  |  m,  in  which 
the  MgClj  was  varied  and  the  NaCl  kept  constant,  and  I  m  -f  J 
M,  i  M  +  I  M,  ^  M  -f  I  M,  I  M  +  J  M,  in  which  the  amount  of 
NaCl  was  varied  also. 

Such  mixtures  caused  the  development  of  cyclopia,  the  best 
results  were  obtained  in  I  M  +  |  M,  where  as  times  as  many  as 
25  per  cent  occurred.  The  ^\  M  +  |  m  gave  in  one  case  30  per 
cent  of  cyclopia.  The  ^  m  +  |  m  gave  11  per  cent.  It  will  be 
seen  that  the  amount  of  MgCl2  present  in  these  mixtures  is  less 
than  that  necessary  to  cause  similar  results  when  used  alon.e. 
This  is  a  peculiar  fact  and  one  for  which  I  know  of  no  explana- 
tion.    Similar  results  (Stockard  'oyh)  were  found  with  mixtures 
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of  salts  in  distilled  water  where  the  final  pressure  was  less  than 
that  of  sea-water,  the  normal  medium  of  the  eggs.  It  is  also  true 
that  if  such  substances  as  the  sugars  be  added  to  a  salt  solution, 
a  smaller  dose  of  the  salt  becomes  effective  in  the  presence  of  the 
sugar.  Morgan  (*o6)  first  called  attention  to  this  peculiar 
fact  in  studying  the  effects  of  solutions  upon  developing  frogs*  eggs. 
This  would  seem  to  indicate  that  the  effects  were  due  to  osmotic 
pressure  conditions  and  by  slightly  raising  the  pressure  with 
another  element  the  effective  agent  was  assisted  in  its  action,  but 
my  lithium  experiments  (1906  and  1907b)  are  against  such  a  view. 

A  number  of  mixtures  of  MgSO^  and  NaCl  were  tried,  all  giv- 
ing negative  results.  Mixtures  of  Mg(N08),  and  NaCl  as  fol- 
lows were  used:  Jm  +  Jm,  -j4jM+|m  and  tjV  ^  +  i  ^• 
The  first  two  caused  eggs  to  develop  cyclopia.  These  are  mix- 
tures closely  similar  to  the  effective  MgCl2  and  NaCl  solutions. 

We  conclude  that  cydopean  monsters  are  produced  in  Fundulus 
eggs  by  the  action  of  sea-water  solutions  of  MgClj,  Mg(NO,), 
and  mixtures  of  MgQ,  and  NaCl  and  Mg(NO,)a  and  NaCl. 
No  other  solutions  of  the  many  I  have  tried  during  three  summers 
gave  similar  effects.  Other  salt  solutions  and  sugar  solutions 
exerting  practically  the  same  osmotic  pressure  also  fail  to  cause 
cyclopia. 

Another  argument  opposed  to  the  view  that  osmotic  pressure 
is  the  cause  is  the  fact  that  Fundulus  embryos  are  so  resistant  to 
changes  in  pressure.  Since  two  Mg  salts  give  similar  results 
when  used  in  sea-water  solutions,  it  seems  probable  that  the 
action  of  Mg,  either  directly  or  indirectly,  is  responsible  for  the 
result.  Eggs  have  been  subjected  to  this  action  before  the  first 
cleavage,  during  the  two-cell  stage  and  just  before  going  into  four 
cells,  with  similar  results.  No  attempt  was  made  to  determine 
at  how  late  a  stage  the  cyclopean  condition  could  still  be  caused, 
though  it  could  doubtless  be  induced  after  the  eggs  had  passed 
much  beyond  the  four  cell  stage.  The  fact  is  that  cyclopia  may  be 
caused  in  an  egg  which  has  started  its  development  normally  and 
which  would  have  given  a  two-eyed  embryo.  The  idea  of  a 
germinal  origin  of  the  defect  in  this  case  seems  excluded.  Cyclopia 
in  this  instance  is  the  result  of  unusual  external  conditions. 
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CYCLOCEPHALI  AND   ''mONSTRA  MONOPHTHALMICA  ASYMMETRICa'* 

The  magnesium  solutions  induce  the  formation  of  two  distinct 
types  of  eye  monstrosities.  The  first  type  is  the  typical  cyclopean 
monsters,  which  exhibits  a  series  of  individuals  showing  various 
degrees  of  cyclopia.  Beginning  with  a  normal  individual  having 
eyes  in  their  usual  position,  we  find  others  in  which  the  eyes  are 
slightly  inclined  forward  and  somewhat  closer  together  than 
usual;  or  the  eyes  are  still  more  approximated  and  occupy  an 
unusually  anterior  position.  (See  the  diagram,  Fig.  i).  Next 
in  the  series  are  individuals  with  their  eyes  approximated  but 
still  distinctly  separate,  having  two  optic  nerves  and  two  eyeballs 
with  their  choroid  coats  in  intimate  approximation.  We  next 
find  the  true  cyclopean  eye  which  still  shows  a  double  nature 
having  two  optic  nerves;  the  retina  has  a  paired  arrangement  and 
either  one  or  two  lenses  may  occur,  depending  upon  the  degree  of 
distinctness  of  the  two  components.  This  eye  generally  occupies 
a  ventro-median  position  and  looks  forward,  inclining  slightly 
downward.  The  eye  in  others  is  completely  single,  showing  no 
indication  of  a  compound  struaure;  it  has  one  optic  nerve,  a 
single  retinal  arrangement,  one  lens  and  one  pupil  This  is  the 
perfection  of  cyclopia  and  many  embryos  possessing  such  an  eye 
are  apparently  normal  in  other  respects,  except  the  mouth  and 
nose.  They  have  a  typically  bilateral  brain  and  are  perfectly 
capable  of  free-swimming  movements.  Passing  beyond  this 
stage  of  cyclopia,  we  find  embryos  which  have  gone  to  the  extreme 
and  show  only  a  defective  antero-median  eye.  In  some  indi- 
viduals the  eye  is  represented  merely  by  a  choroid  vesicle.  The 
step  beyond  this  is  the  entire  absence  of  the  eye.  Diagram  Fig.  I 
gives  a  schematic  illustration  of  the  various  degrees  in  the  cyclo- 
pean series  thus  outlined.  The  histological  conditions  shown 
by  such  a  series  will  be  considered  beyond.  It  is  important  to 
understand  that  this  series  is  made  up  of  different  individuals 
showing  various  degrees  of  cyclopia  and  that  a  cyclopean  monster 
does  not  pass  through  these  steps  in  its  development.  The 
cyclopean  defect  is  foreshadowed  in  its  final  condition  when  the 
optic  vesicle  first  separates  itself  from  the  brain. 
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Fig.  I  Diagrams  of  the  various  conditions  of  the  cyclopean  defect  as  shown  by  the  ''Magnesium 
embryos,'' from  the  nonnaU  to  complete  absence  of  the  eye  G. 

Fig.  2  Diagram  of  the  monstrum  monophthalmicum  asjnmietricum  series,  from  one  defective 
eye  B  to  complete  absence  of  one  eye  E. 
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The  second  type  of  optic  defect  caused  by  magnesium  is  a 
new  monstrosity  and  may  be  termed  Monstrum  mono phthalmi cum 
asymmetricumy  the  monster  with  one  asymmetrical  eye.  It  has 
only  one  perfect  eye  which  represents  one  of  the  normal  pair  and 
occupies  the  usual  lateral  position.  This  eye  is  in  all  cases  perfect 
while  its  mate  may  be  indicated  by  either  a  small  eye,  by  a  mere 
cellular  mass  representing  an  optic  cup,  or  all  indications  of  the 
second  optic  cup  may  be  wanting.  (See  Fig.  2.)  This  peculiar 
one-eyed  condition  exists  in  many  of  the  embryos  in  the  magnesium 
solutions.  Had  such  a  defect  resulted  from  a  mechanical  opera- 
tion, it  would  probably  have  been  interpreted  to  mean  that  one 
eye  anlage  was  injured  and  the  other  not.  With  the  solutions, 
however,  we  get  a  clear  case  of  the  gradual  dropping  out  of  one 
eye  by  comparing  different  individuals,  and  here  as  in  cyclopia 
the  defect  is  present  from  the  earliest  appearance  of  the  eye,  and 
is  not  due  to  a  gradual  degeneration,  or  arrest  during  develop- 
ment. A  study  of  sections  of  these  embryos  makes  the  conditions 
clearer. 

a     The  Living  Cyclopean  Embryos  from  the  First  Indication  of 
the  Defect  to  the  Time  of  Hatching 

The  optic  vesicles  appear  in  most  eggs  when  about  thirty  hours 
old;  at  this  time  the  blastopore  is  just  closing  and  the  embryo  is 
well  mapped  out  on  the  embryonic  shield.  Many  attempts  were 
made  to  select  cyclopean  individuals  at  this  stage  but  it  could  not 
be  done  with  a  great  degree  of  certainty,  since  some  embryos 
are  always  slow  in  giving  off  the  optic  vesicles  and  these  at  times 
appear  to  have  only  one,  but  when  examined  some  hours  later 
are  found  to  be  normal.  A  number  of  eggs  were  selected,  how- 
ever, at  thirty  hours  old  which  proved  to  be  cyclopean  on  later 
examination. 
,  At  about  forty  hours  the  defect  is  plainly  detectable  so  that  one 
may  arrange  the  eggs  very  accurately  into  two  groups,  the  cyclo- 
pean individuals  and  the  normal.  After  such  a  separation,  none 
of  the  normal  embryos  ever  exhibited  the  cyclopean  defect  in  later 
stages,  although  kept  in  Mg  solutions.  A  number  of  such  tests 
as  this  in  connection  with  the  study  of  sections  convinced  me  that 
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the  Cyclopean  condition  existed  as  such  from  the  first  appearance 
of  the  optic  vesicles,  and  no  subsequent  fusion  of  the  two  optic 
vesicles  or  cups  took  place  after  that  time. 

A  forty-two  hour  embryo  is  shown  in  Fig.  3.  It  is  seen  to  be 
well  formed  and  the  optic  vesicles  are  clearly  outlined  on  either 
side  of  the  head.  Fig.  4  illustrates  a  cyclopean  individual  of  the 
same  age.  The  single  optic  vesicle  occupying  a  ventro-median 
position  is  shown  through  the  transparent  embryo.  This  young 
individual  with  its  newly  formed  optic  vesicle  shows  a  typical  cyclo- 
pean condition,  and  no  indication  is  seen  of  two  separate  elements 
that  would  later  fuse.  Other  embryos  at  this  age  have  abnormally 
twisted  cephalic  regions  and  show  no  indication  of  eyes,  although 
the  cyclopean  eye  might  easily  be  concealed  by  the  bent  brain 
(Fig.  5).  Such  embryos  at  later  periods  are  found  to  be  cyclopean 
and  to  have  narrow  tubular  brains  showing  more  or  less  abnormal 
bendings. 

When  the  embryos  are  about  three  days  old,  the  brain  has 
expanded  and  presents  a  distinctly  bilateral  appearance;  the 
optic  cups  are  well  developed  and  the  lenses  are  partially  formed 
(Fig.  6).  A  Cyclops  monster  at  this  time  has  a  well  formed  body 
and  the  brain  is  often  normal,  though  in  Fig.  7  it  is  inclined  toward 
the  narrow  tubular  condition  and  is  anteriorly  twisted.  The  ven- 
tromedian  eye  is  clearly  seen  through  the  brain  and  the  outline  of 
its  lens  is  distinct.  A  somewhat  younger,  sixty-five  hour,  embryo 
is  shown  in  Fig.  8  with  a  superficially  perfect  brain  and  two  optic 
cups  intimately  approximated.  The  telencephalon  is  seen  to 
protrude  beyond  the  eyes,  as  is  the  case  in  the  normal  individual 
(Fig.  6). 

Three  four-day  embryos  are  shown  by  Figs.  9,  10  and  11.  The 
brain  and  spinal  cord  at  this  time  are  clearly  mapped  out  by  a 
coarse  pigmentation,  the  two  hemisphere-like  portions  (corpora 
bigemina)  of  the  mid-brain  are  distinctly  formed  and  the  eyes  are 
large  with  the  lens  clearly  outlined  within  the  cup.  A  cyclopean 
monster  with  a  perfectly  formed  large  ventro-median  eye  is 
illustrated  by  Fig.  10.  Comparing  its  brain  and  other  parts  with 
the  normal  (Fig.  9),  one  fails  to  find  any  important  deviations. 
The  abnormal  condition  of  the  narrow  tubular  brained  cyclops. 
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Camera  lucida  sketches  of  living  embryos  from  MgCl%  solutions 

Fig.    3    A  nonnal  embryo  of  forty-two  hours,  the  two  optic  vesicles  present. 

Fig.  4    A  typical  cyclopean  individual  of  forty-two  hours.    The  single  median  eye(0.  V.)  is  rep- 
resented in  circular  outline. 

Fig.    5    An  embryo  of  same  age,  twisted  brain,  no  optic  vesicle  shown. 

Fig.   6    Normal  seventy-two  hour  embryo. 

Fig.    7    Cyclops  of  same  age.    The  eye,  op.Cy  in  ventro-median  position. 

Fig.   8     Sixty-five  hour  embryo,  two  ventrally  approximated  optic  cups. 

Fig.    9    Normal  four  day  embryo — bilateral  brain  outlined. 

Fig.  ID    Four  day  cydops,  large  ventro-median  tjt  and  typically  bilateral  brain,  op,c,  the  eye. 
.  Fig.  1 1     Four  day  cyclops  with  narrow  tubular  central  nervous  system. 

Figs.  12  and  13     Five  day  cyclops,  narrow  tubular  brain  with  waist-like  constrictions  dividing  them 
into  fore,  mid  and  hind-brain  regions.    Ventro-median  eye. 

Fig.  14    Five  day  cyclops  with  ventro-median  eye  and  dorsally  humped  brain. 


Digitized  by 


Google 


Artificially  Produced  Cyclopean  Fish 


297 


Digitized  by 


Google 


298  Charles  R.  Stockard 

Fig.  II,  is  evident.  Fig.  12  shows  a  common  type  of  cyclopia 
with  the  three  primary  brain  regions  separated  by  waist-like  con- 
strictions. Two  other  variations  of  the  narrow  tubular  condition 
are  found  in  Figs.  13  and  14.  The  embryos  are  five  days  old  and 
no  changes  of  importance  occur  from  this  time  until  the  hatching 
period  is  reached,  except  the  usual  progressive  development  of 
the  eye  structures. 

The  normal  embryos  generally  begin  hatching  when  about 
twelve  days  old,  one  cyclopean  monster  hatched  at  this  time  but 
most  such  indviduals  were  much  later  than  the  normal  in  coming 
out.  A  twelve  day  cyclopean  fish  is  seen  in  dorsal  view  in  Fig. 
15  and  ventrally  in  Fig.  16.  The  large  cyclopean  eye  projects 
forward  and  occupies  the  position  usually  taken  by  the  mouth 
at  this  time.  A  slight  indention  along  its  mid  dorsal  line  suggests 
its  double  nature,  although  the  ventral  view  (Fig.  16)  shows  this 
same  eye  to  possess  only  one  pupil  and  lens.  The  brain  of  this 
specimen  is  practically  normal.  An  embryo  with  the  two  eyes 
intimately  approximated  is  shown  in  front  view  in  Fig.  17.  The 
eyes  are  joined  and  each  looks  forward  in  a  direction  slightly 
towards  the  side  to  which  it  belongs.  A  common  variety  of 
cyclopean  fish  is  one  in  which  the  eye  is  unusually  small  and 
occupies  an  extremely  anterior  position;  Fig.  18  shows  such  an 
embryo.  This  variety  is  usually  unable  to  hatch,  although  a  few 
were  assisted  in  breaking  through  the  membrane.  They  swam 
rather  abnormally,  owing  to  a  twisted  condition  of  the  body.  A 
dorsal  and  ventral  view  of  a  cyclopean  fish  is  shown  in  Plate 
I,  Figs.  A  and  B.  This  indicates  the  striking  appearance  pre- 
sented by  these  embryos. 

h     Free-Swimming  Cyclopean  Fish 

Many  embryos,  showing  the  cyclopean  defect  in  various  degrees, 
hatched  normally  and  were  capable  of  swimming  in  a  manner 
indistinguishable  from  ordinary  two-eyed  fish.  These  monsters 
gave  many  indications  of  ability  to  see.  They  went  to  the  more 
brilliantly  lighted  side  of  the  dish  with  the  normal  ones.  They 
darted  away  in  a  normal  fashion  when  any  object  was  placed  in 
front  of  the  eye,  while  similar  objects  put  at  equal  distances  from 
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their  tails  caused  no  excitement.  In  two  instances  they  lived 
for  ten  days,  which  is  about  as  long  as  the  two-eyed  embryos  can 
survive  without  food.  At  this  time  the  entire  content  of  the  yolk- 
sac  has  been  absorbed.  The  embryos  in  nature  doubtless  begin 
feeding  previous  to  this  stage.  The  cyclopean  individuals  appear 
to  be  as  active  as  the  normal  and  their  ability  to  live  would  seem 
to  depend  only  upon  the  possibility  of  their  obtaining  food. 

A  normal  fish  eight  days  after  hatching  is  illustrated  by  Fig.  23. 
The  mouth  projects  forward  beyond  the  dorsal  tip  of  the  head 
and  the  two  eyes  are  lateral  in  position.  A  cyclopean  embryo 
eight  days  after  hatching  is  shown  in  Fig.  24.  Here  the  two  eyes 
are  united  and  occupy  the  position  which  the  mouth  has  in  Fig. 
23.  In  Fig.  25  a  perfectly  cyclopean  eye  is  shown  in  dorsal  view: 
the  same  individual  is  seen  in  lateral  and  ventral  views  in 
Figs.  26  and  27.  This  fish  swam  in  a  normal  manner.  In  the 
lateral  position  the  mouth  is  shown  projecting  ventrally  as  a  pro- 
boscis-like structure.  This  condition  is  due  to  the  fact  that  the 
single  antero-median  eye  occupies  the  position  normally  assumed 
by  the  mouth  and  thus  obstructs  the  usual  forward  growth  of  its 
structures.  The  mouth,  therefore,  remains  ventro-posterior  to  the 
eye  and  grows  downward,  presenting  the  proboscis-like  appearance* 

Such  a  condition  recalls  in  a  striking  way  the  nose  of  the  mam- 
malian cyclops.  In  mammals  the  cyclopean  defect  is  accom- 
panied by  a  proboscis-like  nose  situated  in  the  forehead  above  the 
median  eye.  The  nose  in  normal  development  grows  downward 
to  its  facial  position,  but  in  cyclopia  the  median  eye  obstructs  its 
path  and  forces  the  formation  of  the  proboscis-like  organ  in  the 
forehead.  The  same  explanation  holds  for  the  fish's  mouth 
where  the  eye  prevents  its  forward  growth,  producing  the  proboscis- 
like organ. 

It  is  interesting  to  find  that  the  mouth  in  cyclopean  fish  stands 
in  a  position  so  as  to  fall  in  the  gill  series  as  number  one,  all  the 
gills  and  the  mouth  have  the  same  general  direction.  I  have 
found  that  in  Bdellostoma  the  mouth  arises  in  a  manner  similar 
to  the  gills  and  actually  at  first  arches  dorsally  and  only  secondarily 
arches  ventrally.  It  may  have  originally  been  a  member  of  the 
gill  series,   as   Dohrn   (1875)   ^^^  ^^^Z  thought.     It  would  be 
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Camera  sketches  of  the  living  embryos  in  magnesium  solutions 

Fig.  15  Dorsal  view  of  twelve  day  cyclopean  monster,  the  antcro-median  eye  with  furrow  indicating 
its  double  nature. 

Fig.  16    Ventral  view  of  the  same  individual,  the  eye  possesses  a  single  pupil  and  lens. 

Fig.  1 7    A  twelve  day  embryo,  ventral  view  showing  two  eyes  intimately  approximated. 

Fig.  18  Fourteen  day  embryo.  Small  extremely  anterior  cyclopean  eye  with  protruding  kns, 
extreme  cyclopia. 

Fig.  19    A  five  day  Monstrum  monophthalmicum  asymmetricum;  the  left  eye  has  no  mate. 

Fig.  zo    A  similar  twelve  day  monster  lacking  its  left  eye. 

Fig.  21  An  incomplete  diprosopus  monster  seventy-two  hours  old.  Two  brains,  two  nonnal  lateral 
eyes  and  one  perfect  middle  eye,  the  other  middle  eye  indicated  by  the  circular  lens  L. 

Fig.  22  The  same  monster  when  eighteen  days  old,  three  perfect  eyes.  The  embryo  hatched  three 
hours  after  this  drawing  was  made  and  swam  abnormally. 
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Camera  sketches  of  free'swimming  fsh 

Fig.  23    Normal  individual.    M,  its  anteriorly  placed  mouth. 

Fig.  24    Incomplete  cydops,  two  eyes  joined  and  occupy  the  position  usually  taken  by  the  mouth. 
Fig.  25    Dorsal  aspect  of  a  perfect  cydops.    Antero-median  single  tyt. 

Fig.  26    Lateral  view  of  same.     The  mouth  M  is  forced  by  the  eye  to  remain  in  a  ventral  position 
and  hangs  down  as  a  probosds-like  structure. 

Fig.  27    Ventral  view  of  same  fish,  note  perfectly  single  eye,  one  lens  and  one  pupil,  ys,,  yolk-sac 
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interesting  to  know  whether  the  "cyclopean  mouth'*  is  functional. 
The  mouth  does  not  possess  a  wide  opening  as  it  would  normally 
although  a  small  aperture  is  sometimes  distinguishable  near  the 
end  of  the  proboscis.     No  attempt  was  made  to  feed  the  embryos. 

c     Living  Monstra  Monophihalmica  A  symmetrica 

These  asymmetrical  one-eyed  monsters  may  also  be  identified 
in  early  stages  of  their  development.  They  have  a  single  eye 
situated  on  one  side  of  the  head.  Such  an  eye  appears  in  some 
cases  as  though  it  were  cyclopean  and  one  might  easily  imagine 
the  cyclopean  eye  becoming  displaced  from  its  usual  median 
position  to  one  side  or  the  other  of  the  head.  Studying  such  eyes 
in  section,  however,  clearly  shows  their  single  unmated  origin  and 
condition.  An  embryo  of  this  kind  is  shown  when  five  days  old 
in  Fig.  19.  The  brain  is  slightly  abnormal  and  the  pigmentation 
scarce  for  such  a  stage  of  development.  The  eye  occupies  the 
usual  place  of  the  paired  eye  of  that  side.  A  twelve  day  embryo 
shortly  before  hatching  is  illustrated  by  Fig.  20.  The  shape  of 
the  body  and  of  the  head  is  comparatively  normal.  The  unpaired 
eye  is  slightly  forward  of  its  usual  position. 

Many  of  these  embryos  hatched.  A  few  of  them  swam  in 
circles,  often  whirling  around  with  great  rapidity,  much  as  Japan- 
ese waltzing  mice  do.  Others  swam  in  irregular  spirals  and  only 
progressed  in  a  straight  direction  with  difficulty.  This  peculiar 
one-sided  manner  of  swimming  is  not  due  to  asymmetrical  vision, 
but  results  from  a  defective  muscular  arrangement,  the  animal's 
body  being  slightly  bent  or  twisted  so  that  it  is  unable  to  straighten 
perfectly.  Some  embryos  with  this  eye  on  one  side  had  normally 
straight  bodies  and  these  were  capable  of  swimming  in  a  direct 
course  with  apparently  as  much  ease  as  a  two-eyed  fish  or  the 
symmetrical  cyclopean  embryos. 

These  monsters  also  lived,  free-swimming,  for  some  time.  In 
a  few  cases  their  mouths  were  perfect,  but  in  others  the  mouth 
parts  were  distorted  or  twisted  by  an  asymmetrical  condition  of 
the  ventral  head  region. 
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MORPHOLOGY  OF   CYCLOCEPHALIA 

It  was  mentioned  above  that  the  optic  outpushings  became 
visible  on  the  sides  of  the  brain  at  about  thirty  hours  after  fertiliza- 
tion. At  this  time  the  brain  of  Fundulus  is  a  solid  mass  of  cells 
without  a  central  ventricle.  The  optic  bodies  are  not  hollow  at 
first,  but  are  solid  outpushings  which  later  develop  central  cavities. 
The  cavity  generally  forms  in  the  optic  outpushings  while  the 
brain  is  yet  solid.  Dareste  ('91)  has  advanced  hypothetically 
the  idea  that  if  the  anterior  vesicles  of  the  brain  did  not  develop, 
a  contact  would  be  maintained  between  the  "parties  retiniennes*' 
up  to  a  certain  time  and  consequently  they  would  unite  to  give  a 
median  cyclopean  eye.  If  this  were  in  reality  the  cause  of  cyclopia 
we  might  expect  all  Teleosts  like  Fundulus  to  be  normally  cyclo- 
pean since  in  them  the  eyes  arise  while  the  brain  is  without  a  ven- 
tricle. Spemann  ('04)  finds  in  cyclopean  Triton  embryos  that 
although  the  tube  is  hollow,  the  eye  anlagen  are  defective  from 
the  beginning.  The  matter  of  a  closed  brain  would  then  seem 
to  be  unimportant  in  a  consideration  of  the  causes  of  cyclopia. 

a     Earliest  Indication^  Exact  Position  and  Condition  of  the  Eye 

When  forty-one  hours  old,  the  brain  as  shown  in  trans-section 
by  Fig.  28,  is  still  a  solid  mass.  The  two  normal  optic  out- 
pushings have  developed  small  cavities  but  no  indication  of 
invagination  of  the  vesicles  or  ectodermic  lens  structures  are  seen. 

A  section  through  the  optic  region  of  an  apparently  one-eyed 
monster  when  forty-one  hours  old,  is  shown  by  Fig.  29.  The 
sections  of  this  series  show  only  one  ventro-lateral  eye  vesicle. 
The  vesicle  is  large  and  distinctly  optic  in  nature,  while  on  the 
opposite  side  is  shown  a  thick  cellular  wall  from  which  the  brain 
is  becoming  separated.  Such  an  individual  resembles  more  a 
Monstrum  monophthalmicum  asymmetricum  than  it  does  the 
cyclopean  type. 

Fig.  30  shows  a  transverse  section  through  the  eye  of  a  forty- 
nine  hour  embryo  which  exhibits  a  perfectly  clear  case  of  cyclopia. 
Here  the  brain  is  beginning  to  form  a  cavity  and  the  optic  vesicle 
with  a  well  defined  central  cavity  is  just  invaginating  to  form  the 
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optic  cup.  This  eye  occupies  an  almost  ventro-median  position 
and  is  united  to  the  brain  by  a  solid  cellular  stalk.  Its  contact 
with  ectoderm  from  which  the  lens  will  arise  is  not  established  as 
the  head-fold  does  not  yet  extend  back  to  this  point.  An  eye  in  such 
a  ventral  position  will  oftentimes  come  in  contact  with  the  ecto- 
derm at  a  later  stage  than  would  a  normal  lateral  eye.  Ordinary 
iwo-eyed  individuals  at  this  age  (forty-nine  hours)  were,  like  this 
Cyclops,  just  beginning  to  form  the  optic  cups  and  the  lateral 
ectoderm  over  the  incipient  cups  showed  a  slight  thickening,  the 
earliest  indication  of  a  lens.  As  a  rule  the  cyclopean  eye  is  some- 
what slower  than  the  normal  in  its  rate  of  development  and  may 
generally  be  compared  with  the  eyes  of  slightly  younger  two- 
eyed  individuals. 

Several  embryos  at  this  age  lack  eyes  entirely  and  belong  to 
the  blind  variety  presently  to  be  described. 

Two-eyed  embryos  when  fifty-four  hours  old  possess  well- 
formed  optic  cups  and  lenses  still  connected  with  the  ectoderm, 
although  projecting  into  the  cavity  of  the  cup.  The  nasal  pits 
are  clearly  marked  ectodermal  invaginations  in  an  anterior  and 
slightly  median  position  relative  to  the  eyes.  The  brain  possesses 
a  well  developed  central  cavity.  A  cyclopean  eye  of  a  distinctly 
double  composition  from  a  fifty-four  hour  embryo  is  shown  in 
cross-section  by  Fig.  31.  The  optic  cup  is  bilateral  and  two  lens 
anlagen  are  indicated  by  the  thickened  ventral  ectoderm.  The 
section  of  the  brain  dorsal  to  this  eye  is  small  and  hollow.  It  is  a 
portion  of  the  diencephalon  which  is  between  a  larger  telen- 
cephalon and  a  much  larger  mid-brain.  This  eye  would  finally 
have  produced  a  large  median  cyclopean  organ  of  the  double  type 
with  two  retinal  areas  and  two  lenses.  Its  connection  with  the 
brain  is  through  two  closely  approximated  stalks  and  two  optic 
nerves  would  probably  have  formed  later.  Comparing  such  an 
eye  with  that  of  Fig.  32,  of  like  age  we  find  that  here  the  optic 
cup  is  single  and  one  lens  is  forming.  Both  sections  show  the 
eye  in  practically  similar  positions.  The  embryo  from  which 
Fig.  32  was  taken  possesses  a  well  formed  telencephalon  and  two 
lateral  nasal-pit  thickenings  of  the  anterior  ectoderm. 

A  horizontal  section  of  a  fifty-four  hour  double-eyed  cyclops 
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Fig.  28  A  trans-section  through  the  optic  outpushings  of  a  normal  forty-one  hour  embryo.  The 
brain  is  solid  and  cavities  are  just  forming  in  the  optic  outpushings. 

Fig.  29  Trans-section  through  the  single  optic  vesicle  {pp.v.)oi  a  forty-one  hour  embryo  from  \^  u 
MgCl).  The  optic  process  is  situated  laterally  and  no  indication  of  a  like  process  exists  on  the 
other  side. 

Fig.  30  A  slightly  oblique  section  through  the  cyclopean  optic  vesicle  of  a  forty-nine  hour  embryo 
from  IJ  M  MgCb,  op.v.  optic  vesicle. 

Fig.  31.  Cross  section  through  double  cyclopean  eye  of  fifty-four  hour  embryo  from  ij  m  MgClj, 
op.c.  optic  cup;  Lj  lens  thickening  of  ectoderm;  Br^  normal  bilateral  brain. 

Fig.  32  Section  of  single  cyclopean  eye  in  similar  embryo.  L,  lens;  op.c,  optic  cup,  small  solid 
diencephalon  above;    X^  guide  figure  indicating  the  plane  of  the  sections. 
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is  given  in  Fig.  '^'^.  Such  a  section  is  most  instructive.  The 
condition  of  the  eye  is  much  the  same  as  that  shown  by  the  trans- 
verse section,  Fig.  31.  The  cup  is  double  and  two  ventral  lenses 
are  present.  The  section  passes  below  (ventral)  the  diencephalon 
so  that  no  part  of  it  shows;  the  telencephalon  is  indicated  in  front 
of  the  eyes  and  a  thickening  of  the  forward  ectoderm  shows  the 
nasal  plate,  posteriorly  or  behind  the  eyes  the  mid-brain  is  cut 
in  horizontal  section. 

A  sagittal  section  of  a  typical  cyclopean  embryo  is  shown  by 
Fig.  34.  Here  we  see  the  eye  and  the  brain  in  the  third  dimension. 
The  telencephalon  in  front,  the  diencephalon  above  the  eye,  and 
behind  this  the  large  mid-brain  with  a  spacious  median  cavity. 
In  front  of  the  eye  is  also  shown  a  median  ectodermal  thicken- 
ing, the  double  nasal  pit.  The  eye  is  single  and  exactly  ventro- 
median  in  its  position  and  connects  in  a  more  lateral  section  with 
the  brain  at  about  the  point  where  the  telencephalon  and  dien- 
cephalon join.  The  lens  and  retina  are  differentiating  into  their 
typical  structures.  One  may  obtain  a  clear  mental  reconstruc- 
tion of  the  Cyclops  monster  at  this  age  by  comparing  Figs.  31, 
32,  33  and  34,  the  transverse,  horizontal  and  sagittal  mid-planes 
of  the  cyclopean  eye. 

The  early  stages  just  described  illustrate  the  cyclopean  defect 
in  its  various  degrees,  and  the  eye  throughout  its  development 
retains  the  original  condition  of  singleness  or  doubleness.  No 
evidence  whatever  can  be  found  of  subsequent  fusions  during 
development.  Two  clearly  approximated  eyes  arise  in  that  con- 
dition and  remain  so  without  fusing  to  give  a  double  cyclopean 
eye,  and  a  double  eye  never  attains  to  the  single  condition  by 
a  more  intimate  union  of  its  parts.  The  statement  made  in 
my  (1907a)  former  paper,  p.  257,  that  "the  fusion  of  the  two 
components  may  take  place  at  different  periods  within  a  certain 
limit"  is  incorrect,  as  I  (1908)  have  pointed  out  in  a  short  note 
on  the  subject.  This  statement  was  one  of  interpretation  and 
was  based  on  a  comparison  of  late  embryos  which  showed  different 
degrees  of  cyclopia.  It  seemed  from  such  an  incomplete  study 
that  the  eyes  were  more  or  less  double  or  compound,  depending 
upon  the  stage  in  development  at  which  they  had  become  approxi- 
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Fig.  33  Almost  horizontal  section  through  a  double  cydopean  eye  of  a  fifty-four  hour  embryo  in 
H  M  MgCI^  See  guide  figure  X  for  plane  of  section.  Sp.,  nasal  plate;  L,  lens;  op^c^  optic  cup; 
Tc.f  telencephalon;  A/6.,  mid-brain. 

Fig.  34  Sagittal  section  (guide  figure  Y)  through  typical  single  cydopean  eye  showing  its  ventral 
position  below  the  diencephalon  Dc,  The  nasal  pit,  Np.  is  median;  L,  lens;  §p.c.  optic  cup;  7c., 
telencephalon;  Mh.y  mid-brain. 
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mated.  The  point  is  one  which  can  only  be  proven  by  a  number 
of  direct  observations  on  all  ages  of  cyclopean  embryos  and  care- 
ful study  of  sections;  such  a  study  has  convinced  me  that  no 
fusion  of  the  eyes  takes  place  after  they  are  once  clearly  given  out 
from  the  brain. 

It  seems  advisable  for  later  stages  to  consider  groups  of  embryos 
showing  various  degrees  of  the  cyclopean  defect. 

b     Incomplete  Cyclopia;  Double  Eyes 

Under  the  term  incomplete  cyclopia  may  be  considered  indi- 
viduals with  eyes  abnormally  close  together  although  separate 
Among  Fundulus  embryos  such  individuals  exist  and  a  series  of 
stages  connect  these  embryos  with  those  in  which  the  two  eyes  are 
intimately  connected  or  joined  together.  An  individual  of  this 
kind  when  sectioned  will  show  the  eyes  as  in  Fig.  35.  This  sec- 
tion is  from  a  four  day  embryo,  the  two  eyes  are  united  in  the 
median  line  of  the  head  and  both  are  perfect  eyes  with  a  lens, 
single  retina  and  one  optic  nerve.  The  choroid  coat  as  indicated 
by  the  heavy  line  is  just  beginning  to  form.  Fig.  36  shows  a 
section  of  two  eyes  which  are  more  intimately  united.  This  case 
is  the  common  ** hour-glass"  eye  of  cyclopia.  The  two  eyes  are 
independent,  except  for  their  waist-Hke  connection  and  each  has 
its  lens,  single  pupil,  retina  and  distinct  opticus.  The  optic 
nerve  of  the  right  component  is  seen  entering  the  optic  cross  at 
the  base  of  the  brain.  The  brain  in  this  embryo  is  remarkably 
perfect,  as  it  is  in  many  cyclopean  monsters,  and  I  see  no  reason 
whatever  for  attributing  the  defect  to  a  "single  brain"  or  any 
other  gross  malformation  of  the  cephalic  region.  Many  embryos 
with  deformed  brains  possessed  two  normal  eyes  and  the  converse 
is  true,  many  normal  brains  were  accompanied  by  cyclopean  eyes. 

Leaving  the  **  hour-glass "  eye,  we  find  the  double-eye  shown 
in  Fig.  37,  having  a  common  optic  chamber  each  half  of  which  is 
supplied  by  one  component.  Two  lenses  and  two  pupils  are 
present  and  generally  two  optic  nerves,  although  they  may  run 
so  nearly  parallel  that  the  two  are  difficult  to  distinguish.  A  single 
nasal  pit  is  present  in  the  embryo  from  which  Fig.  37  is  a  section. 
All  of  the  cyclopean  monsters  possess  two  distinct  auditory  vesicles. 


Digitized  by 


Google 


Artificially  Produced  Cyclopean  Fish  311 

Fig.  38  is  a  section  through  a  unique  double  eye;  no  other  such 
case  was  found.  The  two  retinal  components  are  connected 
along  their  median  dorsal  line  within  the  brain  and  extend  down 
facing  one  another.  They  are  like  the  two  sides  of  a  leguminous 
pod;  between  the  two  a  single  lens  is  placed  suggesting  the  seed 
in  the  pod.  Enclosing  the  ventral  part  of  the  retinal  components 
is  a  choroid  coat  shown  in  heavy  black.  This  choroidal  coat  does 
not  fully  encompass  the  retinal  areas,  a  part  of  which  extends 
dorsally  far  up  into  the  brain.  The  anterior  end  of  the  eye  is 
V-shaped  in  section.  The  optic  cup  anlagen  in  this  case  must  have 
been  closely  united  from  their  first  origin  in  the  brain,  since  por- 
tions of  the  retinal  region  are  still  contained  within  the  brain 
itself,  yet  during  development  they  did  not  fuse  into  a  single  eye. 
A  single  nasal  pit  is  present  and  the  mouth  is  ventral  and  pro- 
boscis-like. 

An  almost  single  eye  is  indicated  in  section,  Fig.  39.  The 
choroid  coat  surrounds  the  retina,  the  latter  showing  slight  traces 
of  its  compound  nature.  Two  lightly  staining  regions  of  nerve 
tissue  are  seen  and  the  entire  eye  is  unusually  wide  laterally. 
The  single  lens  is  normal.  The  brain  here  is  also  normal  and 
the  eye  occupies  a  ventro-median  position.     A  further  union  of 

the  eyes  gives  the 

« 

c     Perfect  Single  Cyclopean  Eye  and  Normal  Brain 

The  Cyclopean  eyes  are  in  many  cases  perfectly  single,  resem- 
bling in  all  respects,  except  their  position,  one  eye  of  a  normal  pair. 
They  are  placed  immediately  ventral  and  their  antero-posterior 
mid-plane  is  in  the  median  line  of  the  embryo.  The  brain  in 
such  a  Cyclops  is  often  normal  in  all  general  respects.  Figs.  40 
and  41  represent  horizontal  sections  through  the  brain  regions  of 
such  a  Cyclopean  fish  when  seventy-seven  hours  old.  Fig.  40, 
the  more  dorsal  section,  passes  through  the  mid-brain  and  shows 
the  two  lateral,  hemisphere-like  bodies  (corpora  bigemina)  with 
well  formed  cavities.  Behind  these  the  section  cuts  the  floor  of 
the  hind-brain  for  some  distance  and  finally  crosses  it  where 
the  head  bends.  Passing  ventrally  through  a  number  of  sections, 
we  find  the  one  shown  in  Fig.  41.     Here  only  a  small  ventral 
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Transverse  sections  of  diferent  degrees  of  double  cydopean  eyes 

Fig.  35    Section  of  eyes  in  four  day  embryo,  the  two  eyes  united.    Choroid  coat  beginning. 

Fig.  36  Section  of  ''hour-glass"  eyes,  the  optic  nenre  of  the  right  component  entering  the  normally 
bilateral  brain.  From  a  dzteen  day  embryo,  the  retinc  and  lenses  differentiated.  r.o.iv.,  right  optic 
nerve;  CAr.,  choroid  coat. 

Fig.  37  Section  of  eye  in  hatched  embryo.  Double-eye  with  two  pupils  and  two  lenses.  Retina 
undifferentiated. 

Fig.  38  Hatched  cydops,  section  through  the  peculiar  eye  with  two  components  facing  and  kns 
between  them  (see  text). 

Fig.  39    Section  through  almost  single  cydopean  eye,  only  indication  of  itt  compound   nature 
paired  retinal  arrangement.    Brain  normal. 

Guide  figure  X  indicates  the  plane  of  all  sections  and  the  eye  position  in  the  several  sp 
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part  of  one  of  the  corpora  bigemina  is  cut  and  the  completely 
single  eye  with  its  lens  is  found  lying  ventrally  and  in  a  median 
position.  The  double  olfactory  pit  is  seen  in  front  of  the  eye  and 
somewhat  to  one  side  of  the  head.  The  posterior  part  of  the 
section  runs  below  the  hind-brain  and  finally  cuts  it  as  the  head 
bends  just  in  the  middle  region  of  the  well  formed  auditory  ves- 
icles. The  section  thus  presents  the  three  sense  organs,  the  single 
Cyclopean  eye,  the  nasal  pits  united  into  a  double  pit;  the  paired 
ear  vesicles  alone  are  in  their  usual  positions. 

A  transverse  section  through  the  eye  of  a  four  day  embryo  is 
illustrated  in  Fig.  42.  The  retina  is  unusually  wide  laterally 
but  no  other  indication  of  doubleness  is  shown.  The  choroid 
coat  is  beginning  to  form  and  the  eye  is  connected  with  the  floor 
of  the  brain  by  a  single  cellular  stalk.  The  retina  at  this  age  is 
only  slightly  differentiated  and  there  is  no  arrangement  into 
layers.  This  embryo  has  two  distinct  nasal  plates.  Several  of 
the  cyclopean  fish  show  the  nasal  plates  separate,  although  they 
are  usually  represented  by  an  anterior  double  plate  near  the 
middle  line. 

A  nine  day  embryo  of  which  Fig.  43  represents  a  section  through 
the  eye  has  a  finely  developed  brain,  well  expanded  laterally  and 
perfect  in  general  shape  and  structure.  The  eye  is  completely 
single  and  the  retina  is  partially  formed  into  layers;  the  lens  is 
almost  transparent  and  the  vitreous  humor  is  being  formed  about 
it.  The  eye  has  all  structures  closely  similar  to  those  in  a 
paired  eye  of  this  age  and  would  doubtless  have  functioned  had 
the  embryo  hatched.     This  specimen  has  a  single  nasal  pit. 

Another  cyclops  of  perfect  structure  when  studied  in  sections 
at  thirteen  days  old  showed  the  mouth  posterior  to  the  eye,  hang- 
ing as  a  ventral  proboscis-like  mass.  Two  nasal  plates  were 
present  and  the  eye  was  single.  This  eye.  Fig.  44,  was  unusually 
far  forward  and  although  the  retina  was  well  differentiated  into 
layers  the  humor  had  not  perfectly  formed  behind  the  lens.  The 
small  section  of  the  brain  is  shown  in  Fig.  44  to  be  bilateral  and 
not  unusual  in  appearance.  Passing  forward  through  the  series 
of  sections  to  a  place  where  the  anterior  end  of  the  cyclopean  eye- 
ball stops,  a  minute  lens  is  found  lying  in  a  ventro-median  position. 
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Fig.  45.  This  lens,  although  only  nine  micromillimeters  in 
diameter,  has  differentiated  and  shows  perfect  lens  fibers  arranged 
in  the  usual  concentric  fashion.  It  has  no  connection  whatever 
with  the  eye,  nor  with  any  part  of  the  central  nervous  system. 
The  small  lens  doubtless  originated  and  differentiated  its  tissue 
in  an  independent  manner.  The  independent  origin  and  self- 
differentiation  of  lenses  will  be  clearly  shown  in  a  following  sec- 
tion of  this  paper.  Fig.  45  also  illustrates  the  two  lateral  nasal 
plates  in  section. 

The  Cyclopean  eye  is  thus  seen  to  be  at  times  single  in  nature, 
showing  no  trace  of  a  double  composition.  This  may  be  con- 
sidered the  climax  or  perfection  of  cyclopia,  if  such  an  expression 
is  permissible.  Eyes  not  completely  united,  or  double-eyes,  are 
the  incomplete  or  imperfect  cyclopean  condition,  while  the  single 
condition  reduced  or  distorted  may  be  termed  extreme  cyclopia. 

d    Extreme  Cyclopia:  From  the  Abnormally  Small  Anterior 
Cyclopean  Eye  to  Entire  Absence  of  Eyes 

Many  cases  are  found  representing  the  condition  of  extreme 
cyclopia.  They  may  be  considered  in  order,  beginning  with  the 
least  modified.  In  discussing  the  living  embryo  mention  was 
made  of  those  with  a  small  cyclopean  eye  placed  far  forward  (Fig. 
18).  Sections  of  such  eyes  show  them  to  be  of  a  more  or  less 
imperfect  nature  and  sometimes  deeply  buried  in  the  tissues  of 
the  head.  Fig.  46  shows  a  section  through  the  small  eye  of  a 
hatched  embryo  eighteen  days  after  fertilization.  This  eye  is 
placed  in  the  extreme  anterior  tip  of  the  head  and  the  section 
shows  on  the  right  side  pigment  spots  which  lie  on  the  front  end 
of  the  forehead.  The  eye  is  unusually  small  and  the  living 
embryo  was  abnormal,  being  unable  to  swim  directly  forward. 
The  nasal  pits  are  united  in  the  anterior  eye  region  and  a  pro- 
boscis-like mouth  is  situated  ventrally. 

Two  still  more  abnormal  cyclopean  eyes  are  shown  in  trans- 
verse section  by  Figs.  47  and  48,  both  from  thirteen  day  embryos. 
In  Fig.  47  the  eye  is  close  to  the  single  olfactory  pit,  the  retina  is  ^ 
differentiated  into  layers,  but  the  lens  is  larger  than  the  optic  cup 
so  that  it  cannot  fit  completely  into  it.     The  brain  of  this  individ- 
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Sections  of  perfectly  single  cychpean  eyes 

Fig.  40  Horizontal  section  through  mid-brain  showing  its  corpora  bigeminal  Ch,  and  floor  of  hind 
brain,  Hhy  in  Kventj-wven  hour  cydops. 

Fig.  41  A  more  ventral  section  of  same  series,  £,  the  Cyclopean  eye;  ol,p»t  olfactory  pits  united. 
Hh,  hind-brain  and  Av.y  auditory  vesicle;  Ch,  floor  of  one  mid-brain  lobe.  Guide  figure  X  gives  plane 
of  each  section. 

Fig.  42  Trans-section  of  a  four  day  single  cydopean  eye  in  exact  ventro-median  position,  ck, 
choroid  coat;  p,  pigment  spot. 

Fig.  43  Similar  section  of  nine  day  eye.  Humor  cavity  behind  the  lens.  Note  perfectly  bilateral 
brain .     p^  pigment  spot. 

Fig.  44    Section  of  single  median  eye  below  perfectly  bilateral  brain,  thtiteen  days  old. 

Fig.  45  A  more  anterior  section  in  same  series  as  Fig.  44.  The  forward  tip  of  the  eye  eh  is  seen« 
A  small  lens  L  lies  free  near  the  ventral  ectoderm;  ol.p.f  olfactory  pit;  p^  pigment  spots  on  anterior  end 
of  brain. 

Guide  figure  X  indicates  plane  of  all  sections. 
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ual  is  abnormal  and  the  eye  is  out  of  the  median  line.  The  em- 
bryo of  Fig.  48  was  abnormal  with  the  brain  distorted  so  that  the 
Cyclopean  eye  was  slightly  to  one  side  and  far  out  beyond  the  head. 
The  retina  differentiates  into  layers  but  the  lens  lies  out  of  the 
central  position^  and  would  be  unable  to  function  efficiently. 

A  peculiar  condition  is  found  in  the  embryo  from  which  sec- 
tions shown  in  Figs.  49,  50  and  51  were  taken.  This  very  small 
eye  was  again  in  an  extremely  anterior  position,  though  almost  in 
the  median  line.  The  lens  is  as  large  as  the  optic  cup  and  pro- 
trudes far  out  beyond  its  edge.  Fig.  49,  the  most  anterior  section 
of  the  three,  passes  through  the  great  circle  of  the  spherical  lens  and 
shows  it  entirely  outside  the  optic  cup.  On  passing  back  in  the 
series  to  where  the  lens  is  less  in  size,  we  reach  the  anterior  edge 
of  the  optic  cup  and  choroid  coat.  Fig.  50.  G)ntinuing  back  in 
the  series  of  sections,  the  lens  disappears  and  the  optic  cup  alone 
is  shown  in  Fig.  51.  The  lens  in  this  eye  is  clearly  too  large  for 
the  accompanying  cup  as  waS  also  the  case  with  the  two  eyes  just 
described.  The  size  of  these  lenses  is,  therefore,  independent  of 
the  size  of  the  optic  cup.  Lewis'  ('04)  idea  that  the  cup  regulates 
the  size  of  the  lens  does  not  apply  to  these  embryos,  nor  does  the 
rule  for  the  amphibian  that  the  origin  of  the  lens  is  dependent 
upon  the  influence  of  the  cup. 

A  step  beyond  this  condition  of  a  small  anterior  eye  with  its 
ill-fitting  lens  may  be  illustrated  by  an  embryo  in  which  the  eye  is 
a  minute  choroidal  sphere  buried  in  mesenchyme  below  the  brain 
and  in  the  median  line.  In  life  this  specimen  seemed  entirely 
eyeless,  but  sections  showed  this  small  eye-like  structure  (Fig, 
52)  in  the  position  typically  taken  by  a  cyclopean  eye.  Such 
cases  as  this  emphasize  the  necessity  of  sections  in  order  to  cor- 
rectly interpret  the  conditions  of  cyclopia  and  conclusions  based 
only  on  superficial  studies  are  necessarily  unreliable.  The  nasal 
pits  were  in  the  normal  lateral  position.  Passing  back  in  the  sec- 
tions to  the  region  usually  occupied  by  the  two  eyes,  it  will  be  seen 
that  on  one  side  a  typical  lens  occurs  (Fig.  53).  The  lens  is  well 
differentiated  and  completely  isolated  from  all  connections  with 
either  nervous  or  eye  tissue.  A  band  of  muscle  is  seen  in  the 
figure  to  touch  the  inner  edge  of  the  lens. 
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The  occurrence  of  this  lens  recalls  at  once  Herbst's  ('01)  argu- 
ment regarding  the  independent  origin  of  the  lens.  He  held  that 
"  if  the  lens  really  developed  independently  of  the  optic  cup,  then 
in  the  case  of  median  cyclopia  the  two  lateral  lenses  should  arise 
in  their  usual  positions;  but  they  do  not,  and  furthermore,  the 
cyclopean  cup  gets  a  lens  from  ectoderm  out  of  the  usual  lens- 
forming  region/'  The  Fundulus  embryos  show  lenses  arising 
at  times  in  their  usual  places  and  often  in  other  places,  independ- 
ently of  the  optic  cup.  We  may  suppose  that  in  these  embryos 
certain  areas  of  the  ectoderm  are  at  times  out  of  their  normal  posi- 
tions, and  thus  explain  the  promiscuous  distribution  of  independ- 
ent lenses. 

Finally,  embryos  exist  in  which  no  indication  of  the  optic  cup 
can  be  found,  these  may  be  said  to  have  passed  beyond  the  ex- 
treme cyclopean  condition.  They  are  not  ordinary  individuals 
that  are  merely  blind,  since  the  mouth  is  usually  distorted  and 
sometimes  the  snout-like  structure  which  accompanies  cyclopia 
is  present.  This  suggests  the  possibility  that  the  "proboscis- 
mouth'*  is  not  entirely  due  to  its  normal  position  having  been 
usurped  by  the  cyclopean  eye.  Some  of  these  embryos  have  free 
lenses  and  others  no  optic  parts  at  all.  Figs.  54  and  55  are  two 
transverse  sections  from  the  same  embryo,  the  anterior  one  shows 
a  lens  lying  against  the  olfactory  pit  but  free  from  all  connection 
with  the  central  nervous  system.  Fig.  55  shows  a  second  lens 
lying  close  against  the  brain  tissue.  This  embryo  has  no  indication 
whatever  of  optic  cups,  and  seemed  eyeless  in  life.  Other  indi- 
viduals when  carefully  examined  in  section  had  neither  an  optic 
cup  nor  any  lens-like  structures. 

We  have  thus  reviewed  a  series  of  forms  beginning  with  the 
usual  twoeyed  embryos  and  passing  through  all  degrees  of  double 
eyes  to  single  cyclopean  eyes,  to  extremely  small  cyclopean  eyes, 
to  individuals  finally  with  only  lenses  present  and  no  optic  cups 
and  others  with  neither  lens  nor  cup. 
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The  extrtme  cyclopean  condition 

Fig.  46  Cross-section  of  hatched  embryo,  small  cyclopean  eye  located  in  anterior  tip  of  head.  The 
nose  is  anterior  to  this  section,    pj  pigment  on  ''forehead  *'  of  embryo. 

Fig.  47  Section  of  thirteen  day  embryo.  Small  cydops  eye  with  large  lens,  differentiated  retina 
and  abnormal  brain  partly  surrounding  the  eye;  ol.p.,  nasal  pit. 

Fig.  48  Section  of  thirteen  day  cydops  with  eye  far  forward  and  out  of  median  line  beneath  an 
abnormal  mass  of  the  brain. 

Figs.  49, 50  and  51  Sections  of  a  small  anterior  cydopean  eye  with  large  lens  projecting  out  of  optic 
cup.    The  first  section  Fig.  49,  is  most  anterior,  the  great-drde  of  the  spherical  lens,  Fig.  50,  tip  of  v 

lens  in  the  edge  of  optic  cup,  and  Fig.  51,  center  of  optic  cup  behind  the  lens.  ^i 

Figs.  52  and  53  Sections  of  thirty  day  embryo  which  seemed  eyeless  in  life.  Brain  abnormaL 
Fig.  52,  the  cydopean  eye  is  represented  by  a  choroid  vesicle,  E,  The  more  posterior  section.  Fig.  53, 
shows  a  perfect  lens  L,  in  the  usual  lateral  position,  but  no  optic  cup  exists.  A  band  of  muscle  m  is 
between  the  lens  and  brain. 

Figs.  54  and  55  Sections  of  two  lenses  L,  one  forward  by  the  olfactory  pit,  0/.^.,  the  other  more  pos- 
terior and  surrounded  by  brain  tissue.    No  optic  cup  present  in  this  nine  day  embryo. 
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INCOMPLETE     DIPROSOPUS     WITH    THREE     EYES     AND  ONE 
ADDITIONAL    LENS 

A  most  valuable  object  for  study  was  an  incomplete  diprosopus 
monster  which  appeared  in  my  solutions.  This  individual  had 
two  heads  separated  as  far  as  the  lateral  eye  region.  It  appeared 
as  indicated  by  Fig.  21  when  seventy-two  hours  old.  The  two 
brains  are  separate,  almost  back  to  the  auditory  vesicles.  Two 
normal  eyes  are  shown  in  outer  lateral  positions  while  between  the 
heads  one  eye,  perfect  in  shape,  is  mated  with  the  outer  eye  of  the 
left  head  and  a  circular  body  occupies  the  usual  position  of  left 
eye  on  the  right  head.  The  embryo  seemed  normal  in  other 
respects  and  was  in  a  vigorous  condition. 

The  monster  when  eighteen  days  old  had  developed  to  the  usual 
size  and  was  still  hardy.  At  this  time  it  presented  a  striking 
appearance  as  indicated  imperfectly  by  Fig.  22.  Three  large 
eyes  normal  in  form  and  capable  of  movement  looked  out  from  the 
double  head.  All  visible  evidence  of  the  circular  body  shown 
near  the  middle  eye  when  seventy-two  hours  old  had  disappeared. 
The  middle  eye  was  clearly  paired  with  the  left  eye  of  the  left  head 
component  and  the  right  eye  of  the  right  head  seemed  mateless. 
A  single  pair  of  auditory  vesicles  were  present.  The  young  fish 
respired  and  twisted  vigorously  within  the  membrane.  Three 
hours  after  this  drawing  was  made,  the  embryo  hatched  and  swam 
about  in  a  circular  fashion,  the  body  not  straightening  perfectly. 
The  free  living  animal  was  kept  for  five  days  and  then  preserved 
for  sectioning. 

The  sections  show  the  presence  of  two  brains,  one  spinal  cord 
and  one  normal  mouth  leading  into  a  pharynx  with  its  series  of 
gills,  while  a  second  short  throat  is  present  in  the  right  head.  There 
are  two  notochords  back  to  the  middle  of  the  yolk-sac  and  one  from 
there  on.  The  rear  end  of  the  medulla  becomes  single  and  only 
one  pair  of  ear  vesicles  are  present.  There  are  two  olfactory  pits 
anterior  and  median  to  the  lateral  eyes. 

Three  perfectly  normal  eyes  exist.  They  possess  clearly  dif- 
ferentiated retinae,  irides,  humor  chambers  and  lenses.  Two  of 
these  eyes  are  connected  in  the  usual  way  with  the  brain  of  the 
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left  head  and  one  with  the  brain  of  the  right.  Fig.  56  is  a  section 
showing  the  middle  eye  somewhat  back  of  its  center  so  as  to  bring 
the  edges  of  the  other  eyes  into  the  figure.  The  middle  eye  is 
more  anterior  in  position  than  the  two  lateral  ones,  owing  to  the 
slight  obliquity  of  the  left  head.  A  distinct  lens  is  shown  in  the 
cup  in  Fig.  56.  On  going  backwards  in  the  series  we  reach  a  sec- 
tion passing  through  the  middle  of  the  two  lateral  eyes  and  the 
posterior  end  of  the  middle  eye  (Fig.  57).  The  section  shows 
dorsally  the  huge  double  brain  and  ventrally  a  central  throat  and 
most  interesting  of  all  a  fourth  lens.  This  lens  lies  against  the 
outside  choroid  coat  of  the  middle  eye  and  is  in  just  the  position 
(recognizing  a  displacement  due  to  development  of  the  middle 
eye)  to  be  the  lens  of  the  left  eye  of  the  right  head,  if  such  an  eye 
were  present.  We  thus  have  in  this  double  head  three  typical 
eyes  and  the  fourth  represented  by  a  free  lens.  It  was  impossible 
to  detect  the  clear  lens  in  the  living  embryo  which  emphasizes 
again  the  necessity  of  sections  for  a  definite  interpretation  of  the 
conditions  existing  in  these  monsters.  Conclusions  drawn  from 
observations  on  the  living  eggs  without  the  comparison  of  sections 
may  be  incomplete.  The  sections  further  make  clear  the  nature  of 
the  circular  outline  shown  against  the  middle  eye  of  the  seventy- 
two  hour  embryo  (Figs.  21  and  57).  Comparing  the  figures  of 
sections  and  those  of  the  whole  embryos,  it  will  be  remembered 
that  the  sides  of  the  sections  are  transposed,  since  the  drawings 
of  the  total  embryos  are  made  from  a  simple  microscope  and  the 
sections  from  a  compound  microscope  which  inverts  the  image. 
This  incomplete  diprosopus  monster  increases  the  series  of  eye 
monstrosities  so  that  it  passes  through  the  cyclopean  group  to 
beyond  the  normal.  The  diagram  (Fig.  58)  illustrates  in  a  simple 
way  the  various  conditions  we  have  considered  and  emphasizes 
the  continuous  nature  of  the  series.  Beginning  at  one  end  with 
eyeless  individuals,  we  pass  gradually  through  a  series  with  small 
buried  cyclopean  eyes  (which  may  be  indicated  in  the  diagram  by 
a  palpebral  opening,  such  as  similar  mammalian  cyclops  would 
show),  to  the  perfectly  single  cyclopean  eye,  to  the  double  eye  with 
one  lens  and  pupil,  to  the  hour-glass  eye  with  two  lenses  and  two 
pupils,  to  two  independent  but  closely  approximated  eyes,  next  to 
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Fig.  56  Section  through  anterior  median  eje  and  edges  of  lateral  eyes  of  hatched  incomplete  dipro- 
«opus;  Br\  Brtf  the  two  brains 

Fig.  57  More  posterior  section  through  middle  of  lateral  eyes,  posterior  part  of  middle  eye,  and  an 
additional  fourth  lens  L. 

Guide  figure  X  makes  both  sections  clear. 
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the  normal  condition  and  finally  beyond  to  the  incomplete  dipro- 
sopus  with  three  eyes  and  a  fourth  lens.  The  idea  of  arranging 
monsters  in  such  a  series  including  the  normal  is  due  to  Prof.  H. 
H.  Wilder. 


VI 


VII 


VIII 


Fig.  58  Diagram  of  the  various  condidont  shown  by  the  ''magnesium  embryos*'  from  entire 
absence  of  the  cydopean  eye  /,  to  deeply  buried  eye  //,  perfect  single  cydopean  eye  ///,  double-eye, 
IV,  two  approximated  eyes  F,  eyes  unusually  close  together  VI ,  normal  VII,  three  eyes  and  fourth 
lens  VIII, 

The  normal  is  a  mean  from  which  diflFerent  degrees  of  abnormal- 
ities are  but  greater  or  less  deviations.  It  is  possible  to  arrange 
almost  any  type  of  abnormality  in  such  a  series.  Supernumerary 
arms  or  legs  on  one  side  might  exist  in  various  individuals  in  dif- 
ferent numbers  down  to  the  single  normal  one;  other  specimens 
could  be  found  showing  degenerate  or  small  arms  and  finally 
armless  or  legless  individuals  are  known. 

MORPHOLOGY  OF   MONSTRA  MONOPHTHALMICA   ASYMMETRICA 

A  brief  description  of  the  asymmetrical  monophthalmica  mon- 
sters in  life  has  been  given  above,  but  their  true  nature  and 
structural  conditions  are  impossible  to  detect  without  sections. 
It  is  found  that  here  again  a  continuous  series  exists,  beginning 
with  the  ordinary  two-eyed  individual  through  all  gradations  to  the 
complete  disappearance  of  one  eye. 

The  section  through  the  middle  of  the  eyes  in  a  normal  embryo 
of  thirteen  days  old  is  illustrated  in  Fig.  59.  The  eyes,  of  course, 
are  equal  in  size  and  alike  differentiated  structurally.  In  the  salt 
solutions,  however,  many  embryos  occur  with  one  eye  perceptibly 
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smaller  than  its  mate.  A  section  through  the  eyes  of  an  embryo 
of  this  kind  when  seventy-six  hours  old  is  shown  in  Fig.  60.  The 
left  eye  is  decidedly  smaller  than  the  right  and  possesses  a  cor- 
respondingly small  lens.  From  the  comparative  study  of  a  num- 
ber of  individuals  it  may  be  safely  stated  that  this  difference  in 
size  between  the  two  eyes  will  not  be  overcome  later,  nor  on  the 
other  hand  will  the  small  eye  degenerate  or  disappear.  The  em- 
bryo will  hatch  with  its  eyes  in  dissimilar  conditions  comparable 
to  the  state  of  things  shown  by  this  seventy-six  hour  stage.  The 
brain  is  normal  and  two  nasal  plates  are  present. 

An  embryo  closely  similar  to  the  one  just  described  was  sec- 
tioned after  hatching.  Its  large  eye  appears  as  in  Fig.  61.  More 
anterior  sections  show  a  small  eye  looking  forward  with  a  some- 
what protruding  lens  in  its  cup.  Behind  this  small  eye  is  another 
lens  lying  free  in  the  ectoderm  (shown  in  Fig.  61).  This  lens  is 
perfectly  differentiated  and  appears  to  have  arisen  independently. 

A  further  reduction  of  the  eye  is  shown  by  Fig.  62.  In  this 
thirteen  day  embryo  the  left  eye  is  perfect  and  the  right  is  rep- 
resented by  a  small  cellular  mass  lying  close  against  the  brain. 
The  lens  of  the  right  side  is  entirely  wanting.  In  life  the  head  was 
slightly  one-sided,  obviously  on  account  of  the  asymmetrical  eye 
development;  no  indication  of  the  cellular  mass  could  be  detected 
and  the  embryo  seemed  truly  one-eyed. 

A  section  of  another  seventy-six  hour  individual  which  in  life 
also  seemed  to  be  one-eyed  is  illustrated  by  Fig.  63.  The  brain 
is  normal  and  almost  bilaterally  symmetrical,  an  ordinary  left 
eye  exists  but  there  is  not  the  trace  of  an  indication  of  the  right 
optic  cup.  An  ectodermal  thickening  represents  the  right  lens 
in  process  of  formation  in  the  position  that  it  would  typically 
occupy.  This  lens  anlage  must  have  arisen  independently  of  a 
stimulus  from  an  optic  cup  and  is  well  removed  from  the  brain,  so 
that  no  direct  stimulus  from  that  source  can  be  responsible  for  its 
appearance. 

Other  one-eyed  individuals  showed  complete  absence  of  all 
parts  of  the  second  eye,  the  lens  as  well  as  the  optic  cup  failing  to 
arise.  The  occurrence  in  the  Mg  solutions  of  these  one-eyed 
embryos  as  well  as  the  cyclopean  embryos  suggests  that  the  chem- 
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Monstra  monophthalmica  asymmetrica 

Fig.  59    Section  through  eyes  of  normal  thirteen  day  embryo. 

Fig.  60    Section  of  seventy-six  hour  embryo  with  one  normal  and  one  small  eye  and  perfect  brain. 

Fig.  61  Section  of  the  normal  eye  of  a  hatched  embryo;  a  small  eye  with  a  lens  is  situated  more  ante- 
riorly on  the  other  side  and  behind  this  is  a  third  lens,  L,  shown  in  the  figure  on  the  left  side. 

Fig.  62  Section  of  normal  eye  in  thirteen  day  embryo,  the  other  eye  is  represented  by  the  cellular 
mass,  e,  close  against  the  brain. 

Fig.  63  Section  of  normal  eye  in  seventy-six  hour  embryo,  the  brain  is  bilateral  and  perfect,  but 
no  indication  exists  of  the  right  optic  cup  although  the  ectoderm  of  that  side  has  formed  a  lens  thicken- 
ing L. 
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ical  influence  exerts  a  peculiar  inhibition  of  that  process  of  out- 
pushing  or  separation  by  which  the  optic  vesicles  arise.  Such  an 
idea  will  be  more  fully  considered  in  the  general  discussion  given 
below. 

The  unequal  eyes  may  possibly  result  from  an  unequal  allotment 
of  eye  material  to  one  side  or  the  other.  A  major  portion  might  go 
to  the  right  side  and  a  minor  part  to  the  left,  or  the  entire  eye  an- 
lagen  might  by  chance  occur  on  one  side.  This  in  a  sense  would 
be  lateral  cyclopia.  Such  reasoning  is  of  course  purely  hypothet- 
ical. 

INDEPENDENT  ORIGIN   AND   SELF-DIFFERENTIATION   OF  THE 
CRYSTALLINE    LENS     . 

Spemann  ('oi),  Lewis  ('04),  and  others  have  concluded  from 
experiments  on  amphibian  embryos  that  there  is  no  localization  of 
lens-forming  material  in  any  given  area  of  the  ectoderm.  They 
further  held  that  the  formation  of  a  lens  is  dependent  upon  a  stim- 
ulation of  the  ectoderm  through  contact  with  the  optic-vesicle  or 
cup.  Spemann  ('05)  in  discussing  the  question  of  the  self-dif- 
ferentiating power  of  the  lens  concluded  from  a  consideration  of 
Schaper's  ('04)  experiments  on  the  frog  that  the  lens  is  not  capable 
of  self-differentiation,  but  that  a  continued  influence  or  contact 
of  the  optic-cup  is  necessary  to  cause  the  lens-plate  or  lens-bud 
to  develop  into  a  typical  lens.  LeCron  ('07)  has  recently  shown 
that  the  lens  in  Amblystoma  is  not  self-differentiating.  I  Co7d) 
found  in  embryos  of  the  blind  Myxinoid,  Bdellostoma  stouti,  that 
a  lens-thickening  formed  in  early  stages  while  the  optic-vesicles 
were  near  the  ectoderm.  During  development  the  optic  cup 
becomes  distantly  removed  from  the  ectoderm  and  the  lens-plate 
disappears  as  if  it  were  unable  to  continue  development  independ- 
ently of  the  optic  cup  contact. 

On  the  other  hand  Mencl  ('03)  has  claimed  that  the  lens  in 
Salmo  salar  is  at  times  formed  independently  of  the  optic  cup 
influence  and  Spemann  (^07)  has  recently  modified  his  attitude. 
Spemann  finds  that  in  a  certain  species  of  frog,  Rana  esculenta, 
the  lens  may  arise  independently  of  the  optic  cup.     This  lens  also 


Digitized  by 


Google 


Artificially  Produced  Cyclopean  Fish  329 

continues  to  develop  and  diflFerentiates  t)rpicaJ  fibers.  Most  con- 
clusive evidence  favoring  the  independent  origin  and  self-diflfcr- 
entiation  of  the  lens  is  furnished  by  the  Fundulus  embryos  now 
under  consideration. 

Attention  has  been  called  repeatedly  to  the  occurrence  of  lenses 
having  no  connection  with  other  optical  parts.  It  may  be  well  at 
this  time  to  summarize  these  cases  which  clearly  show  that  in 
Fundulus  the  lens  may  arise  independently  and  continue  its  devel- 
opment and  differentiation. 

Fig.  63  illustrates  the  budding  off  of  the  lens  from  ectoderm  on 
the  side  of  the  head  which  lacks  entirely  an  optic  cup.  Fig.  61 
shows  a  lens  fully  differentiated  though  lying  freely  in  the  mesen- 
chyme of  the  head.  It  will  be  recalled  that  this  is  a  supernumerary 
lens;  the  large  and  small  eyes  of  the  embryo  both  possess  lenses. 
An  optic  cup  can  not  be  responsible  for  this  third  lens.  Fig.  57 
of  the  incomplete  diprosopus  shows  the  fourth  lens  of  the  double 
head  entirely  outside  the  optic  cup  of  the  third  eye  which  possesses 
a  lens.  Figs.  54  and  55  show  two  lenses  in  an  embryo  that  pos- 
sessed no  trace  of  an  optic  cup.  Fig.  53  indicates  a  lens  in  its 
usual  position  but  no  optic  cup  is  present.  In  Fig.  45  a  tiny  lens 
is  found  in  front  of  a  cyclopean  eye  which  possesses  its  own  lens. 
Many  other  similar  illustrations  could  be  given. 

No  one  could  hold  that  this  indiscriminate  collection  of  lenses, 
all  of  which  are  entirely  isolated  from  any  connection  with  optic 
cups  or  other  eye  parts,  as  well  as  in  nearly  all  cases  from  the  brain 
itself  has  arisen  through  direct  stimuli  derived  from  the  optic  cups. 
It  is  also  evident  that  the  lens  after  its  formation  continues  to  self- 
differentiate. 

It  seems  to  me  that  in  Fundulus  the  case  is  clearly  proven  that 
lens  formation  does  not  depend  upon  a  direct  stimulus  from  the 
optic  cup.  Such  a  dependence  as  advanced  by  Lewis  (^04)  for 
the  frog  is  not,  therefore,  of  universal  application,  nor  is  the  view 
tenable  that  the  differentiation  of  the  lens  depends  upon  a  con- 
tinued stimulus  from  the  optic  cup. 
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DISCUSSION   AND   CONCLUSIONS 

The  foregoing  facts  furnish  important  information  as  to  the 
cause  and  manner  of  development  of  cyclopia,  and  the  facts  bear 
directly  on  previous  ideas  concerning  this  subject.  I 

By  treating  the  fish  eggs  with  magnesium  solutions,  it  is  conclu- 
sively shown  that  the  experimenter  has  the  power  without  mechan- 
ically injuring  the  egg  or  embryo  to  cause  what  would  have  been 
a  two-eyed  individual  to  become  a  cyclopean  monster.  This 
undoubtedly  is  a  case  of  the  occurrence  of  cyclopia  through  the 
action  of  external  influences  on  the  developing  egg.  I  conclude, 
then,  that  cyclopia  does  not  necessarily  result  from  germinal  varia- 
tions, but  I  make  no  claim  that  it  may  never  arise  in  such  a  way. 
On  the  contrary,  there  is  no  reason  why  cyclopia  should  not  occur 
through  germinal  variations  as  readily  as  does  any  other  new  fea- 
ture. The  fact  that  mammalian  cyclopean  monsters  do  not  sur- 
vive, or  even  if  it  be  proven  that  the  free-swimming  cyclopean  fish 
are  incapable  of  living  or  reproducing,  does  not  argue  against  the 
possibility  that  cyclopia  may  in  cases  be  due  to  germinal  variation.  ^ 

Such  a  statement  is  emphasized  by  a  case  I  ('oyc)  recently  recorded.  T 

In  a  flock  of  sheep  in  North  Carolina  two  entirely  legless  lambs 
appeared  in  the  spring  of  1907.  Again  in  1908  two  other  similar 
lambs  have  occurred,  one  being  the  offspring  of  a  mother  which 
had  previously  borne  a  legless  individual.  These  lambs  were 
unable  to  feed  without  assistance  and  in  nature  would  doubtless 
have  died  shortly  after  birth,  but  their  peculiar  occurrence  in  this 
flock  is  very  probably  due  to  germinal  variations,  either  within 
the  mother  or  father,  or  both.  Students  of  inheritance  consider 
sports  to  be  due  to  germinal  variations  and  the  ability  of  such 
sports  to  survive  depends  merely  on  their  adaptations  to  the  sur- 
roundings and  not  in  the  least  on  their  manner  of  origin.  No 
reason  can  be  given  why  a  cyclopean  individual  might  not  occur 
as  a  sport  due  to  sudden  germinal  variations.  From  the  experi- 
ments contained  in  the  present  paper,  however,  it  may  be  emphat-  fj 
ically  afiirmed  that  cyclopia  is  not  always  due  to  germinal  origin. 

Spemann  ('04)  through  an  ingenious  method  of  experiment, 
produced  double-headed  Triton  embryos  which  exhibited  various 
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degrees  of  cyclopia.  The  eggs  of  this  salamander  when  constricted 
about  the  periphery  of  the  first  plane  of  cleavage  with  a  fiber- 
like ligature  gave  monsters  with  two  equal  heads.  When  the  lig- 
ature was  oblique  with  reference  to  this  plane  one  of  the  heads  was 
Cyclopean  to  a  greater  or  less  degree.  Spemann  thought  the 
defective  head  due  to  the  loss  of  the  anlagen  of  certain  parts,  con- 
sequently these  parts  never  began  development  and  organs  sit- 
uated lateral  to  them  developed  in  contact  from  the  start.  In  other 
words  parts  between  the  eye  anlagen  fail  to  form  and  thus  the 
anlagen  come  in  contact  and  so  develop  from  the  beginning.  This 
explanation  is  of  course  entirely  speculative,  but  it  is  supported  in 
a  manner  by  experiments  which  according  to  Mall  ('08)  Lewis 
has  performed  on  the  fish  embryo.  Mall  states  that  Lewis  found 
by  pricking  the  extreme  anterior  end  of  the  embryonic  shield  in 
Fundulus  eggs  that  many  of  the  eggs  develop  into  cyclops  embryos. 
It  was  found  in  some  that  the  prick  had  destroyed  the  **nose" 
only.  "This  experiment  shows  conclusively  that  it  is  the  absence 
of  tissues  between  the  eye  arlagen  that  allows  them  to  come 
together  and  unite.*' 

The  above  explanation  no  doubt  holds  for  some  cases  of  cyclo- 
pia produced  by  cutting  or  pricking;  there  it  is  evident  that  tissue 
is  destroyed  and  the  destruction  of  median  tissue  may  cause  the 
regions  containing  the  eye  anlagen  to  unite.  It  is  difficult  to  apply 
this  explanation  to  all  cases.  In  the  ** Magnesium  embryos," 
why  should  tissue  between  the  eyes  fail  to  form  and  not  other 
tissues;  why  are  the  nasal  pits  united  in  some  cyclops  and  separate 
in  others  .^  A  close  microscopic  examination  of  the  brain  floors 
in  Cyclopean  and  two-eyed  embryos  shows  no  absence  of  recog- 
nizable parts  in  the  former.  The  monstra  monophthalmica  asym- 
metrica  are  also  to  be  explained ;  here  one  eye  in  some  cases  fails  to 
come  off  from  the  brain.  Is  this  due  to  the  absence  of  its  early 
anlage  ?  The  very  small  cyclopean  eye  sometimes  buried  deeply  in 
the  head,  and  the  eye  shown  in  Fig.  38  which  is  partly  inclosed 
within  the  brain,  as  well  as  the  entire  absence  of  an  eye,  suggest 
another  explanation  that  may  apply  to  all  cases  in  the  magnesium 
solutions. 

The  small  eyes  close  together,  cyclopia  in  various  degrees,  the 
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imperfect  formation  or  absence  of  one  eye  and  entire  absence  of 
eyes  are  all  conditions  common  to  the  magnesium  solutions  and 
very  rare  or  never  occurring  in  other  solutions,  nor  in  the  hun- 
dreds of  eggs  observed  developing  in  sea-water.  The  conditions 
are,  therefore,  probably  due  to  a  common  cause,  and  I  suggest 
hypothetically  that  this  cause  is  an  inhibitory  or  anesthetic  effect 
of  the  magnesium  on  the  process  of  outpushing  and  separation 
of  the  optic  vesicles.  Magnesium  exerts,  a  decidedly  anaesthetic 
effect  upon  both  vertebrate  and  invertebrate  animals  and  is  an 
inhibitor  of  muscular  activity.  It  might  possibly  inhibit  the  giv- 
ing off  of  the  optic  vesicles  or  prevent  their  separation  in  the  brain, 
so  that  both  might  come  off  together  as  in  cyclopia,  and  it  might 
have  caused  the  eye  in  Fig.  38  to  be  arrested  when  only  halfway 
separated  from  the  brain;  the  absence  of  one  eye  and  complete 
absence  of  eyes  would  be  perfect  inhibition.  It  is  necessary  to 
find  a  definite  point  in  the  strength  of  the  solutions  in  order  to 
obtain  the  proper  amount  of  inhibition  for  many  weaker  eggs  are 
killed  during  early  stages. 

The  strongest  argument  against  such  an  hypothesis  is  the  fact 
that  Mg  in  distilled  water  solutions  fails  to  cause  cyclopia,  whereas 
its  anaesthetic  or  inhibiting  powers  should  be  most  active  in  such 
a  solution. 

Dareste's  ('91)  idea  that  cyclopia  is  caused  by  a  closed  brain 
or  the  failure  of  the  anterior  vesicle  to  develop  is  unsupported, 
since  in  Triton  with  the  hollow-brain  tube  present  Spemann 
finds  that  the  defect  occurs.  In  Fundulus  the  optic  outpush- 
ings  are  normally  given  off  while  the  brain  is  yet  solid,  so  that 
according  to  Dareste  all  of  these  fish  would  be  cyclopean  in  nature. 

Schwalbe  ('06)  in  his  Morphologic  der  Missbildungen  des 
Menchen  und  der  Tiere,  considers  cyclopia  to  result  from  unusual 
pressure  exerted  during  early  stages  of  development  which  does 
not  cause  the  lateral  parts  to  grow  together  but  prevents  them 
from  developing  at  all.  This  position  is  somewhat  in  accord  with 
the  hypothesis  suggested  above.  If  pressure  prevents  the  grow- 
ing apart  laterally  of  the  anlagen  which  normally  require  energy  to 
accomplish  their  separation,  then  by  anaesthetizing  a  part,  one 
accomplishes  practically  the  same  thing  as  by  applying  pressure. 
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The  part  in  anaesthesia  lacks  energy  to  grow  out  laterally,  thus  the 
two  eye  anlagen  remain  together  in  the  floor  of  the  brain  and  come 
off  as  one  median  vesicle  either  double  or  single,  depending  upon 
the  extent  of  separation  possible  under  the  given  degree  of  pres- 
sure or  anaesthesia. 

Mall  ('08),  in  his  recent  memoir  on  the  causes  underlying  the 
origin  of  human  monsters,  gives  an  excellent  survey  and  discussion 
of  the  evidence  furnished  by  experimental  teratology.  In  the 
body  of  the  paper  is  presented  a  strong  case  in  favor  of  external 
influence  during  development  as  the  chief  cause  of  many  mon- 
strosities. Here  we  may  consider  only  the  discussion  of  cyclopia. 
The  idea  of  fusion  of  the  two  eye  vesicles  during  their  develop- 
ment is  advocated,  but  the  present  evidence  is  against  this  posi- 
tion and  is  in  accord  with  Spemann's  ('04)  view  of  an  early  defec- 
tive anlage.  Mall  also  inclines  toward  the  idea  of  the  single 
brain  as  being  primarily  responsible  for  cyclopia,  but  it  is  shown 
by  embryos  considered  here  that  cyclopia  often  accompanies 
perfectly  bilateral  and  bilobed  brains,  neither  does  a  retarded 
growth  of  the  frontal  process  necessarily  follow  in  cases  of  cyclopia. 

Experiments  uphold  the  statement  "that  every  egg  has  in  it  the 
power  to  develop  cyclops  monsters. '^  The  germinal  theories  of 
cyclopia  are  shown  by  the  experiments  to  be  unnecessary  as  ex- 
planations of  its  cause.  The  possibility  of  its  occurrence  through 
germinal  variations,  though  to  my  mind  extremely  slight,  is  not 
entirely  excluded  by  experiments.  The  experiments  conclusively 
show  the  origin  of  cyclopia  through  external  influences. 

Much  could  be  said  pro  and  con  regarding  the  significant  nature 
of  the  Cyclopean  fish  embryos  as  a  specific  response  to  a  definite 
chemical  environment.  The  suggestion  is  evident,  though  highly 
hypothetical,  that  cyclopia  in  man  and  mammals  might  be  due 
to  a  similar  chemical  cause,  an  excess  of  Mg  salts  in  either  the 
mother's  blood  or  the  amniotic  fluid  surrounding  the  developing 
embryo. 

The  Magnesium  embryo  is  as  typical  of  these  Mg  solutions  as  is 
the  now  classic  lithium  larva  of  the  sea  urchin  produced  by  Herbst 
('92,  '93)  in  his  Li  solutions,  or  Morgan's  ('04)  lithium  frog  em- 
bryos produced  in  a  similar  way.     They  all  tend  to  show  that  dif- 
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ferent  chemical  conditions  may  each  induce  by  their  actions  a 
specific  type  of  larva  from  a  given  variety  of  egg. 

SUMMARY 

1  The  eggs  of  the  fish,  Fundulus  heteroclitusj^  give  rise  to  a 
large  percentage  of  cyclopean  embryos  when  subjected  during 
their  development  to  solutions  of  magnesium  salts  in  sea-water. 
Similar  results  follow  if  the  eggs  are  placed  in  the  solutions  either 
before  cleavage  or  when  in  the  two  or  early  four-cell  stages,  later 
stages  were  not  tried.  This  is  the  first  instance  of  repeatedly 
causing,  by  the  use  of  chemical  substances,  vertebrate  monstros- 
ities such  as  are  known  in  nature. 

2  The  peculiar  embryos  with  the  median  cyclopean  eye  are 
able  to  hatch.  Many  of  them  swim  about  in  a  perfectly  normal 
manner,  darting  back  and  forth  to  avoid  objects  placed  in  their 
field  of  vision  as  readily  as  do  two-eyed  individuals. 

3  The  cyclopean  fish  is  exactly  comparable  to  the  monstrous 
Cyclops  of  man  and  other  mammals.  Both  have  a  median  eye 
either  double  or  single  in  its  structure.  The  nose  in  the  mam- 
malian Cyclops  is  a  single  proboscis-like  mass  above  the  eye.  The 
nasal  pits  in  the  "Magnesium  embryos''  are  sometimes  united 
and  sometimes  separate,  but  the  mouth  hangs  ventrally  as  a  pro- 
boscis-like organ  strikingly  suggesting  in  form  the  nose  in  mam- 
malian cyclopia.  The  mouth  of  Fundulus  normally  occupies  an 
extremely  anterior  position  but  in  the  cyclopean  fish  the  eye  has 
usurped  this  place,  thus  preventing  the  usual  forward  growth 
of  the  mouth  elements  and  forcing  them  to  remain  ventrally 
as  the  proboscis-like  mass.  (See  Figs.  25,  26,  27.)  In  cyclopean 
mammals  a  similar  mechanical  explanation  accounts  for  the 
condition  of  the  nose.  The  median  eye  obstructs  the  path  of 
down-growth  which  passes  normally  between  the  eyes,  and 
forces  the  nose  to  form  above  the  eye  as  a  proboscis  on  the  fore- 
head. 

4  A  study  of  more  than  275  living  cyclops  monsters  and  of 
many  of  these  in  section  shows  all  degrees  in  the  defect.  Eyes 
unusually  close  together,  intimately  approximated  eyes,  the  double 
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eye  in  a  median  position,  the  single  cyclopean  eye,  an  extremely 
small  anterior  eye,  a  deeply  buried  ill-formed  cyclopean  eye,  and 
finally  an  entire  absence  of  the  eye.  The  embryos  exhibit  these 
various  degrees  of  the  cyclopean  defect  from  the  earliest  appear- 
ance of  the  optic  outpushings,  and  in  no  case  was  cyclopia  due  to 
a  union  or  fusion  of  the  two  eye  components  after  they  had 
originated  distinctly. 

5  A  second  type  of  monster  designated  as  Monstrum  monoph- 
thalmicum  asymmetricum,  the  monster  with  one  asymmetrical 
eye,  was  also  common  in  the  magnesium  solutions.  These  indi- 
viduals have  one  perfect  eye  of  the  normal  pair  but  the  other  is 
either  small,  poorly  represented  or  entirely  absent.  This  condi- 
tion is  also  present  from  the  first  appearance  of  eye  structures  and 
is  not  due  to  degeneration  or  arrest  of  development. 

6  Both  types  of  monsters  often  form  lenses  independently 
of  the  optic  cup  stimulus.  These  self-originating  lenses  are  also 
capable  of  perfect  self-differentiation,  forming  lens  fibers  and 
appearing  as  transparent  crystalline  bodies.  Such  facts  oppose 
the  idea  that  the  lens  during  its  origin  and  development  is  in  a 
dependent  relationship  with  the  optic  cup,  and  show  this  view  not 
to  be  of  universal  application. 

7  The  experiments  conclusively  prove  that  eggs  may  be  in- 
duced to  develop  into  cyclopean  monsters  by  external  influences. 
These  influences  do  not  mechanically  injure  or  destroy  certain 
eye  regions  as  does  cutting  or  pricking.  It  follows,  therefore,  that 
cyclopean  monsters  appearing  in  nature  are  not  necessarily  due  to 
germinal  variations,  but  are  far  more  likely  the  result  of  some 
unusual  external  influence  during  development. 

8  The  occurrence  of  the  various  eye  monstrosities  shown  by 
embryos  which  develop  in  magnesium  solutions  are  all  probably 
due  to  a  common  cause  and  I  suggest  the  following  hypothetically: 
Magnesium  which  possesses  a  decidedly  anaesthetic  effect  on  most 
animals  and  is  inhibitory  in  its  influences  on  muscular  activity 
may  retard  through  degrees  of  anaesthesia  the  optic  outpushings 
in  Fundulus  embryos  and  thus  account  for  the  total  absence  of 
eyes,  small  eyes,  eyes  which  failed  to  develop  energy  necessary  for 
their  normal  separation  and  the  other  unusual  conditions  which 
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have  been  considered  in  detail  in  the  present  article.     This  view, 
of  course,  is  hypothetical  and  objections  to  it  are  recognized. 

Cornell  University  Medical  College 
New  York  City,  October  i,  1908 
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EXPLANATION  OF  PLATE  I. 

Fig.  A  Dorsal  view  of  a  cyclopcan  embryo  in  almost  natural  colors.  The  large  antero-ventral  eye 
shows  a  slight  furrow  indicating  its  double  nature. 

Fig.  B  The  same  embryo  when  the  egg  is  rolled  back  towards  the  top  of  the  page.  A  somewhat 
ventral  view  showing  the  single  pupil  and  lens,  the  double  condition  of  the  eye  is  only  indicated  from 
above. 
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